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THE DETERMINATION OF MERCURY 
IN ENVIRONMENTAL SAMPLES 



Mercury is geologically a rare element and comprises 
less than 3x10-^ per aent of the earth's crust. There are 
comparatively few locations on the earth's surface where mercury 
is present in more than trace amounts. Most of the element 
occurring naturally is in the form of the highly insoluble mercuric 
sulfidei the principle component of cinnabar. 

The industrial use of mercury is quite widespread, 
ranging from small scale uses such as thermometers and electri- 
cal switches to the large amounts used in the manufacture of 
caustic soda and chlorine in the chlor-alkali industry. Mercury 
compounds are used quite extensively as biocides, fungicides, 
and in the manufacture of pharmaceuticals and paints. 

The recent concern for mercury pollution began with 
the Minimata case where hundreds of Japanese were poisoned, 
resulting in at least fifty fatalities. (1). This was 
followed by a similar outbreak of poisoning in Niigata, Japan, 
(2) and in the mid-sixties by reports from Sweden of high levels 
of mercury in fish and wildlife (3) . As a result of these 
studies, it was shown that any form of mercury entering an 
aquatic system could be converted (by micro-organisms and bio- 
chemically derived alkylating systems) to methyl mercury 
derivatives (4) . These compounds follow a process of concentra- 
tion as progressively larger animals feed on smaller ones, 
until the concentration endangers higher forms of life. Due 
to the low concentration of mercury that can cause problems 
and to the various matrix effects which have to be considered, 
the analytical work associated with this problem is quite 
complex, 

1. Sample Handling and Preservation 

A: BIOLOGICAL MATERIAL 

When biological material is collected for mercury 
analysis, it should be stored in a plastic bag or other 
non-metal container to prevent cross-contamination and 
should be frozen immediately to retain moisture and 
retard protein breakdown. 

B: WATER SAMPLES 

Samples should be taken in glass containers and not 
allowed to come into contact with any metal objects. (Cap 
liners, sampling vessels, etc.). It has been established 
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that losses of mercury occur when unpreserved samples are 
stored in polyethylene or glass containers (5) (6) (7) (8) , 
These losses appear to result from inorganic mercury 
adsorption on the walls of the container. 

For total mercury analysis, glass bottles with 
Teflon cap liners should be used. The samples should be 
preserved with potassium permanganate and nitric acid 
immediately after sampling. The pH must be below 2 and 
enough potassium permanganate should be present to 
maintain a pink colour (8) . 

Storage of samples for more than three days can 
result in a considerable loss of mercury even with preser- 
vation, so minimum time should elapse between sampling and 
analysis of samples, 

C: SEDIMENT 

Care should be taken when sampling to ensure that 
samples are representative of the area being examined. 
Samples should be transported directly to the laboratory 
in glass jars with Teflon-lined caps. Sediments from diff- 
erent sampling points should be kept separate to avoid 
cross-contamination. Sampling devices and containers must 
be free of mercury contamination and should be designed 
so as to minimize the chances of mercury loss by amalgama- 
tion. 



2* Selection of Method 

A: GENERAL TECHNIQUES 

There are several different methods used for the 
analysis of mercury, 

Colorimetry - Dithizone Extraction 

This method requires a preliminary digestion step to 
destroy all organic matter present and it is cumber- 
some, slow and subject to interferences (Cu^ Ag^ Al^ 
Fej Ei^ eta. ) (9-11) . 

Neutron Activation 

This method is impractical for most laboratories due 
to the high cost of the equipment and the length of 
time required for results. Chemical treatment and 
separation is normally requireid for sensitive, reliable 
analyses (12, 13), 
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Atomic Absorption Spectrophotometry - Flame 

The shortcomings of the dithizone extraction procedure 
made it imperative that a more selective method be 
foxond. The conventional AAS procedure, while selective, 
lacks sensitivity despite the use of enhancing techniques 
(14) , and consequently this method is not widely used. 

Flameless Atomic Absorption Spectrometry 

The FAAS technique is sensitive, rapid, reproducible, 
and relatively devoid of interferences. It can be 
applied to a wide variety of sample types, provided 
adequate pretreatment measures are followed (15-18) . 

Methyl Mercury by Gas-Liquid Chromatography 

The Gas- liquid chromatographic method is used to 
determine methyl mercury in environmental samples and 
is the method used in most laboratories involved in 
mercury analyses. 

B: TECHNIQUES APPLIED IN MINISTRY LABORATORY 

TOTAL MERCURY 

Biological Material 

Several different acids and combination of acids, 
as well as the use of alkalies and enzymatic means of 
tissue breakdown were investigated for the digestion of 
biological matter. As a result of these investigations, 
two techniques, both based on acid-permanganate digestion 
were found to be rapid and reliable. One method is based 
on heating the acidified samples in a shaking water bath; 
the other uses a heated aluminum block as a heat source. 
The latter method is the method presently in use. Total 
mercury is measured in the digestate by FAAS in both 
cases. 

Water (Natural Sources) Method A 

Many colorimetric procedures for the determination 
of mercury in waters have been published (19-21) but these 
methods have not been applied in the M.O.E. laboratory 
since they are too time-consuming, insufficiently sensi- 
tive and susceptible to interferences. 

The Flameless Atomic Absorption technique is used as 
the standard procedure. The method is based on a piablished 
E.P.A. procedure (22). 
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Method A is designed for the analysis of water 
containing low levels of mercury (less than 10 ng/ml) , 
This technique makes use of the Laboratory Data Control 
Mercury Monitor and highly purified reagents. The 
digestion procedure used in this method is not capable 
of eliminating excessively high amounts of organic 
matter or chlorides, and when such compounds are expected 
to be present, an alternative but less sensitive method 
(Method B) is used. 

Water (Industrial Sources) Method B 

Method B is designed for the analysis of aqueous 
samples that are not amenable to analysis using Method A, 
These samples are usually industrial effluents or in- 
plant liquids that are suspected of having high mercury 
content (in the ug/ml range and higher) or containing 
excessive amounts of chemicals capable of interfering 
with Method A. The digestion described in the following 
procedure usually eliminates problems from these inter- 
ferents, but because the digestion requires considerable 
volumes of reagents the blank increases, thereby diminish- 
ing the sensitivity. 

Sediments 

Several different acids and combinations of acids as 
well as some extraction techniques were investigated for 
the analysis of total mercury in sediment samples* The 
acid leaching technique employed is efficient and when 
combined with the FAAS technique provides the required 
precision, sensitivity and accuracy. 

Combustion-Amalgamation Technique 

The advantage of the combustion-amalgamation technique 
in the measurement of mercury in various types of samples 
(i.e. sediments, biological material) lies in the fact 
that a time-consuming digestion procedure is not required 
and this eliminates errors caused by sample or reagent 
contamination, and the length of time required for an 
individual analysis is greatly reduced. 

METHYL MERCURY 

Fish Tissue 

Gas chromatography with an electron capture detector 
is used to measure methyl mercury, after a selective 
extraction is performed. Although samples require 
complex individual treatment, the method is accurate and 
sensitive, and is specific for methyl mercury. The 
method is a modification of Westoo's procedure (23, 24, 
25, 26) . 
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THE DETERMINATION OF TOTAL MERCURY 

IN BIOLOGICAL MATERIAL 

Water Bath Heating, FAAS Measurement 



SUMMARY 



Substance 
determined. 

Interpretation 
of results. 



Principle 
of method. 



Time required 
for analysis. 



Range of 
Application 



Precision 



Accuracy 

Limit of 
Detection 



Interferences 
and short- 
comings . 



Total mercury. 



The total mercury concentration in biological 
material is the sum of all forms of mercury 
present in the sample. Total mercury in fish 
is generally interpreted as being indicative 
of the methyl mercury content, since methyl 
mercury is usually 85-100% of the total 
mercury concentration. 

The biological material is digested in a 
mixture of sulfuric and nitric acid, then 
oxidized with potassium permanganate, and the 
excess permanganate is reduced with hydroxyl- 
amine sulphate, and the divalent mercury is 
reduced with stannous chloride. The vessel 
containing the sample is attached to the FAAS 
system, and the sample is aerated. The 
mercury now present as the atomic form Hg° 
is purged through the system. The Hg ''atoms 
absorb energy at the resonance wavelength for 
mercury and this absorbance is measured 
spectrophotometrically. 

A single analysis requires about 1. 5 days, 
from the initial weighing to calculations. 
Batch testing can result in approximately 
forty analysis in duplicate in 1, 5 days. 

Beer's Law is obeyed over the range 0,01 to 
1,0 ug , Since 1,0 ug is approximately 9 0% 
full scale, sample aliquots containing more 
than 1,0 ug must be diluted. 

1.95 ± 0,08 ug/g for ten determinations per- 
formed on a gelatin standard containing 
2,00 ug/g mercury. 

From the precision data above, PP. 5 ± 4%, 

About 0, 02 ug/g , based on the normal weight 
of sample taken {0,5 g) , It is likely that 
a lower detection limit would be achieved by 
taking larger samples. 

There are relatively few compounds that will 
interfere at the levels present in biological 
material. Of concern are chlorides, and oxides 



SUtm^RY 



of nitrogen but a proper digestion procedure 
will eliminate these problems. Water vapour 
is eliminated by a water trap and by the use 
of radiant heat from a tungsten bulb. 

Volatile aromatics and some diatomic gases 
can absorb at the mercury resonance wave- 
length, but these are normally absent after 
the digestion step. 

Minimum A minimum of 5 grams of homogenized material 

s amp le . i s de s i r ab 1 e . 

Preservation Biological samples should be quick frozen and 
and sample placed in a clean, mercury- free container 
container until analyzed. 

Safety Safe handling of all acids must be observed, 

considerations and care should be taken when biological 

matter is being processed to prevent possible 

infection. 



Determination of Ministry of the Environment 

Total Mercury January 25_^ 1975 



THE DETERMINATION OF TOTAL MERCURY 



IN BIOLOGICAL MATERIAL 



Water Bath Heating, FAAS Measurement 

1. Introduction 

Frozen samples are thawed and homogenized again with a 
glass stirring rod to redistribute any liquid that could 
partition out during thawing. Approximately 0.3 to 0.5 gms 
of homogenized tissue are accurately weighed into 30 ml 
micro-Kjeldahl tubes. Five ml of a 4:1 volumetric ratio 
of sulfuric-nitric acids are added to the tissue and the 
tubes are placed in an oscillating water bath at 80°C for 
four hours. The digestate is allowed to cool and saturated 
potassium permanganate solution is then added as a further 
oxidant and the samples are heated for an additional 1 , S 
hours. The samples are then allowed to stand overnight at 
room temperature. Hydroxylamine sulfate solution is added 
to reduce any excess permanganate or manganese dioxide. 
Immediately prior to purging the sample with air, stannous 
chloride is added to reduce the mercury to its atomic state. 
The mercury vapour is then passed through the FAAS system 
and the resultant absorption is measured spectrophotometri- 
cally and presented on a recorder. 

2. Interferences 

There are a nmnber of elements or their oxides that can 
interfere both chemically and/or spectrally with mercury 
when analyzed using FAAS. Practically none of these are 
present in biological material at sufficient levels to cause 
problems . 

Selenium, tellurium, antimony, bismuth and arsenic are 
reported to interfere chemically, but this effect has not 
been observed in biological samples in this laboratory. 

A group of interfering substances that cause problems 
because of their positive spectral interference are water 
vapour, NO2, CI2 and any volatile organic solvents that 
absorb at 25 3.7 nm. 

Water vapour is eliminated from the system by the 
insertion of a coil in an ice bath followed immediately by 
a water trap prior to the optical cell. As a further pre- 
caution a tungsten element lamp shines on the cell to 
maintain its temperature about 10 ^C above ambient, thereby 
preventing condensation of water vapour on the cell windows. 

il/Otj COz and CI2 should not be present after the 
routine digestion step. 

ORGANIC SOLVENTS (ACETONE^ CHLOROFORM, ETC.) SHOULD NOT BE 
USED IN THE LABORATORI OR FOR CLEANING GLASSWARE BECAUSE THEI 
CAN FORM VAPORS WHICH INTERFERE WITH THE MERCURY MEASUREMENT, 




Intake from pump 
CaS04 trap 

Flowmetsr 

300 ml Ores Che I bottle 

Gloss frit 

Manually operated 3- way 

valve 

Ice-both 

Gloss condensing coil 

mpinger 

Detector /monochromotor 
Quartz obsorption ceil 
Hollow cothode lamp 
Gold / pumice trap 
14. 60-100 watt tungsten lamp 



Diagram 1 



Faas Determination Apparatus 




Plate I 



Atomic absorption spectrophotometer converted to 
f tameless operation 
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3. Apparatus 

REFER TO DIAGRAM 2 AND PLATE 1 FOR A PICTORIAL VIEW OF 
THE APPARATUS. 



Hilger-Watts Atonispek Atomic Absorption Spectro- 
photometer. 

Sargent Welch recorder; (model SRG) . 

Optical cell; 18 cm long with a 1.5 cm diameter and 
quartz windows . 

Drying tube; plastic 11,5 cm x 2,0 cm diameter 
filled with calcium sulfate. Replace daily. 

Hollow Cathode Lamp; mercury cathode, ASL. 

Analytical balance; single pan (Mettler) . 

Dreschel bottle; 250 ml volume, Quickfit (BS2461) 
with a 24/29 ground joint. 

Plunger device; composed of two parts - 

(1) . Pyrex tubing, I.D. 9 mm; 0,D. 11 mm, and 20 cm 

in length. 
(2) . Glass rod 8 mm in diameter, 25 cm in length. 

Mixing coil; as supplied for Technicon auto- 
analyzer, (13 cm long). 

Tungsten element bulb; (100 watt) , and a retort 
stand for support; used to heat optical cell. 

Flowmeter, Gilmont (size §3), 

Kjeldahl flask, micro; 30 ml volume, round bottom, 
long neck, Kimax glass. 

Water bath shaker, Eberbach (§6250) capable of 
maintaining 80°C, 

Flask holders; Eberbach (§6090), 

Gas dispersion tube; with fritted glass cylinder, 
250 mm length, stem diameter 8 mm. 

Teflon stopcock; three way, Quickfit 24/2 9 used for 
directing flow of air (1) bypassing sample and 
(2) through sample, thus aerating it. 

Gas bubble counter; (Canlah §C?7?8-C) used as 
water droplet trap. 
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4) Compressed air. 

IF A PUMP IS USED THEN NO ORGANIC VAPOURS SHOULD BE 
ALLOWED TO PERMEATE THE ATMOSPHERE OF THE LABORATORY, 

ALL GLASSWARE AND APPARATUS MUST BE THOROUGHLY 
CLEANED PRIOR TO USE, 



Cleaning of the Apparatus 

a) The optical cell should be cleaned once a week and/or 
following contamination with excessively high level 
mercury samples. Rinse cell with (1) water 

(2) nitric acid 

(3) methanol 
The cell should then be blown dry with air. 

b) The drying tube should be refilled with fresh 
calcium sulfate daily and the tube purged with air 
to remove dust particles before attaching to the 
system. 

c) The teflon stopcock should be cleaned every week 
(minimum) with chromic acid, water, methanol and 
then air-dried. 

d) All polyethylene and glass tubing should either be 
replaced or rinsed with water, followed by methanol 
and blown dry with a stream of air, 

e) The dreschel bottle should be cleaned thoroughly 
every day or after an extremely high sample, with 

a cleaning solution containing 1% EDTA in 2 0% NaOH . 
Bottles are usually soaked in this solution for 

twelve hours. 



ONLY ONE BOTTLE IS USED FOR STANDARDS AND SAMPLES 
DURING A RUN BECAUSE THERE IS A "BOTTLE EFFECT" 
WHICH CAUSES SLIGHT BUT SIGNIFICANT DIFFERENCES IN 
READINGS FROM BOTTLE TO BOTTLE, 

f) Kjeldahl flasks are cleaned immediately after use 
with (1) soap and water 

(2) chromic acid 

(3) distilled water 
Flasks must be dry before re-use. 
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4, Reagents 



ALL REAGENTS SHOULD BE ANALYZED IN THE LABORATORY 
AND ONLY THOSE WITH A SUFFICIENTLY LOW MERCURY 
CONTENT SHOULD BE USED, 



a) Sulfuric acid; reagent grade, concentrated. 
Experience with a variety of acids indicates that 
either Baker Analyzed or McArthur Chemicals 
sulfuric acids are acceptable. Reagents other than 
those mentioned in this section may possess the 
required degree of purity. 

b) Nitric acid; reagent grade, concentrated. 
Experience with a variety of acids indicates that 
Baker Analyzed reagent is satisfactory, 

c) Hydrochloric acid; reagent grade, concentrated. 
Mallinckrodt reagent has been found satisfactory, 

d) Potassium permanganates analytical reagent. 

BDH Analar crystals have been found satisfactory. 

e) Hydroxylamine sulfate; laboratory reagent. 
BDH reagent is satisfactory. 

f) Stannous chloride; analytical reagent, 
BDH Analar reagent is satisfactory. 

g) Sodium Hydroxide; Certified A.C. S. Electrolytic 
Pellets, 

h) Ethylenediaminetetra-acetic acid; laboratory reagent. 
BDH disodium salt is satisfactory. 

i) Mercuric chloride; reagent grade. 

As supplied by Mallinckrodt Chemicals, 

j) Methyl Mercuric Chloride; reagent grade. 
Alfa Organics is a satisfactory supplier, 

k) Digestion Acid ; The mixture contains a volumetric 
ratio of four parts sulfuric acid (concentrated) to 
one part nitric acid (concentrated) , 

MIXING CAUSES AN EXOTHERMIC REATION: ACCORDINGLY^ 
EXTREME CARE SHOULD BE EXERCISED DURING THIS STEP. 

1) Potassium Permanganate Solution ; The solution should 
be saturated (60 g/l) at room temperature , then 
allowed to stand for at least 48 hours in sunlight 
before use, to form small amounts of MnOz, which 
slowly settles out. This step greatly reduces the 
risk of mercury contamination from the KMnOi^, 
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m) Hydroxyl amine Sulfate solution; The solution 

{207o w/v) is prepared by dissolving 200 grams of 
reagent grade (BDH) hydroxy lamine sulfate in 1 litre 
of distilled water. This solution is used to reduce 
the excess permanganate after digestion. 

THIS SUBSTANCE IS CARCINOGENIC: AVOID CONTACT 
WITH THE SKIN, 

n) Stannous chloride solution; The solution [20% w/v) 
is prepared by dissolving 4 00 grams of reagent grade 
stannous chloride (BDH) in 2 litres bf concentrated 
hydrochloric acid. This solution is used to reduce 
the mercury to its atomic form {Hg°} . 

o) Mercuric chloride stock solution; Prepared by 
dissolving 1.358 grams in one litre of distilled 
water containing 10 mis of concentrated nitric 
acid. Concentration lyOOO ug/ml, 

p) Methyl mercuric chloride stock solution; Prepared 
by dissolving 0. 6 258 grams of methyl mercuric 
chloride in 1000 mis of methanol (reagent grade). 
Concentration 500 ug/ml. 

q) Mercury standards; Working solutions containing 
1 ug mercury per ml should be made up by making 
successive dilutions from the stock solution in 
distilled water. New working solutions should be 
made up weekly and the concentration of mercury in 
these should be within 1% of the old ones. 

5. Procedure 

Physical Preparation 

The following is an outline of the treatment received 
by an individual fish. (2 7) , 

Initially, all adhering mucous is washed off and the 
fish is patted dry with paper towelling. It is measured 
{to 0.1 cm) and weighed (to 0.1 g) and the data is 
recorded. 

Subsequent to weighing, the fish is placed on a wooden 
board covered with paper towelling. An incision is made 
with a stainless steel knife on the dorsal surface pos- 
terior to the nape, and the body is cut ventrally to a 
point below and posterior to the pectoral fin. The gut 
cavity is sliced open, and the liver removed, when analysis 
of this organ is required. It is transferred to an 
aluminum foil cup which is sealed and designated with a 
laboratory number. The sex of the fish is noted and 
recorded. 
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The fish is cut posteriorly along the dorsal surface. 
The epaxial musculature (muscle above the lateral line) 
is stripped from the skin and about 5 grams of it is 
placed into a clean stainless steel cup in which the tissue 
is ground for two minutes with a mechanical homogenizer 
(Virtis) . Two to five grams of the homogenized tissue is 
then transferred with a stainless steel scoopula to an 
aluminum foil cup. The cup is sealed and designated with 
a laboratory number. 

Samples are submitted to the analytical laboratory 
where they are frozen and stored until the analytical 
procedures are begun. 

Analytical Procedure 

a) Thaw fish prior to weighing and homogenize 
again with a glass rod to ensure that the 
liquid-flesh partition, which occurs during 
freezing, does not contribute to imprecision 
or inaccuracy, 

b) About 0> 3 to 0.5 g of homogenized fish tissue 

is injected into tared 30 ml micro-Kjeldahl flasks 
by means of an all-glass plunger device. The 
micro-Kjeldahl flasks are re-weighed on a single 
pan analytical balance to four significant figures, 
and the difference in weights due to the addition 
of the sample is recorded. 

c) The samples are prepared as part of a series of 
blanks, controls and samples called a "run". 

A "run" of samples consists of 

reagent blanks, 
1 ug inorganic standards, 
1 ug organic standards, 

"control low" fish, 

"control high" fish, 

inorganic spike*, 

organic spike*, 
ty routine fish samples in diiplicate, 

"Control high" and "low" are fish that have been 

previously analyzed at least twenty times. "Control 

low" is in the 0, 5 ug/ml range and "control high" is 

in the 3-4 ug/ml range. 

*Spike samples are arbitrarily selected fish within 
the run that are spiked with known cumounts of inorganic 
or organic standards {1 ug usually) to determine 
percent recovery. 



1) 


two 


2) 


two 


3) 


two 


4) 


two 


5) 


two 


6) 


one 


7) 


one 


8) 


twe 



Determination of Ministry of the Environment 

Total Mercury January 25^ 1973 



d) To the Kjeldahl flasks add 6,0 ml of digesting acid 

{4:1 v/v HzSO^^ HNOb ) . 

e| Place flasks in oscillating water bath at 80°C and 

allow to digest for S.5 tO' 4 hours, 

HOTE: FOR FISH WITH HIGH FAT CONTENT (CAEP, TUNA^ 

STURGEON) OR IN DRIED FORM, A MINIMUM TIME OF FOUR 
HOURS IS REQUIRED, VISUAL INSPECTION OF THE DIGESTATE 
USUALLY PROVIDES A GOOD INDICATION OF COMPLETE 
DIGESTION (FLOATING- FAT PARTICLES OR LIPIDS SEPARATING 
OUT INDICATE AN INCOMPLETE REACTION). 

f) When the digestates are clear, eamples are removed 
from the water bath and saturated potassium perman- 
ganate solution is added dropwiee to the Kjeldahl 
flasks, which are iimersed in an ice bath to prevent 
over-heating* The samples are swirled in the cold 
bath and potassium permanganate is added until a 
persistent purple colour remains; an additional S ml 
are added and the flasks are placed back in the 80*^0 
bath for 1,5 hours, 

N'OTE: AN INDICATION OF INCOMPLETE DIGESTION AT THIS 
POINT IS EXTREME FROTHING OP THE SAMPLE. IF THIS 
OCCURS THE SAMPLE SHOULD B-E REWEIGHED AND REDIGBSTED. 

g) The samples are removed from the bath and allowed to 
stand at room temperature overnight. If any of the 
samples become de-colourized during this period, more 
potassium permanganate must be added at the earliest 
opportunity. 

Instrument Operation 

FOR SET-UP OF FAAS SYSTEM (HILGER-WATTS ATOMSPEK) 

IF ANOTHER INSTRUMENT IS USED CONSULT MANUFACTURER'S 
MANUAL. 

a) Install hollow cathode lamp in lamp housing and 
connect all cables. 

b) Set meter switch to proper lamp position number. 

c) Set lamp selector switch to position of selected 

lamp. 

d) Turn lamp resistors to minimum. 

e) Turn on power switch (main) , 

f) Adjust lamp current to approximately 4,5 ma with 

lamp current resistor. 



Determination of Ministry of the Environment 

Total Mercury January 25, 19 72 



g) Set mode switches to "AbsorptiO'in," and '"0-1", 
h) Set response to "Fast". 
i) Set E.H.T. resistor to "O'n" pO'Sition, 
Daily Warm-Up Procedure 

a) Timers should be set to allow unit to warm up for 
at least two hours prior to actual analysis. 

b) Warm up recorder (20 minutes) , 

c) Follow procedure for cleaning apparatus. 

d) With all parts in place align cell on burner head 
to yield minimum absorption. Adjust lamp so that 
beam passes through centre of cell lenses. Adjust 
height of cell on burner if necessary. 

e) Set recO':mmended wavelength fo^r mercurY (253. 7 nm) 
with wavelength selector knob. Adjust to yield 
minimum absorbance in stepwise fashion. Finally, 

zero instrument with E.H.T, resistor. 

f) Place ice in coil bath and zero instrument after 

equilibrium, is reached-. Set slit width to about 
11.5 microns, 

g) Wh,en absorbance is zeroed, set recorder to zero 
using the recorder zeroing control. 

h) Set reco^rder at "slow" (1 om/minute) chart speed 
and 5,0 mV reading. 

i) Turn on tungsten element lamp to warm cell. 

j) Turn on air pump and set flow meter to 40. 

This will give a flow rate of about 5 litres per 
minute. The adjustment must be performed with a 
dreechel bottle of distilled water present in the 
system, 

k) Ensure that the drying agent (CaSOit) is still 
hydroscopic . 

1) Check gas dispersion tubes (replace if worn) , 

m,| Check for leaks in connections . 
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6. Calculation and Reporting 

There are three sets of standards analyzed. 

a) undigested inorganic standards, 

b) digested inorganic standards, 

c) digested organic standards. 

The digested organic standards are chosen for calcu- 
lations because they receive the same treatment as the samples 
and it has been shown that 80-100% of the mercury in fish is 
present in the organic form (28). The peak heights for the blanks 
and standards are measured and averaged, and standards are 
corrected for blank effect. The peak heights for the unknowns 
are then measured, blank corrected, and compared to the 
digested organic mercury standard, and a content of mercury 
in micrograms is recorded. The amount of mercury (\ig) is 
then related to the fish weight taken \ig/g (concentration) , 



Formula: 



y^g/g mercury as Eg = x - b 

(a - b) n 



K = peak height of sample 

h - peak height of blank 

a - average peak height of organic standard 

n - weight in gram of fish aliquot 

The samples are analyzed in duplicate and the percent 
deviation of the lowest of the two results from the mean must 
not exceed 10%, If it does, the sample is iiranediately 
reanalyzed in duplicate. 



Example 



Duplicate results 

Mean results 
% deviation 



0,89 Mg/g 

0.85 

0.8 7 ]ig/g 

±2.3 



The percent deviation from the mean was less than ±10% 
so the result is acceptable. 

Reporting 

Range of mercury found, in \ig/g Reported mercury, in \ig/g 



<0.02 

0,02 to 0.09 

0.10 to 0, 99 

1.0 to 99 



<0.02 

1 significant figure. 

2 significant figures, 
2 significant figures. 
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THE DETERMINATION OF TOTAL MERCURY 
IN BIOLOGICAL MATERIAL 

Hot Block Heating, Mercury Meter Measurement 



SUMMARY 



Substance 
determined 



Total Mercury 



Interpretation 
of results 



The total mercury concentration in biological 
material is the sum of all forms of mercury 
present in the saimple. Total mercury in fish 
is generally interpreted as being indicative 
of the methyl mercury content, since methyl 
mercury is usually 80-100% of the total mercury 
in concentration. 



Principle 
of Method 



Time required 
for analysis 

Range of 
Application 



Precision 



Accuracy 

Limit of 
Detection 



Interferences 
and short- 
comings 



The biological material is digested in a 
mixture of sulfuric and nitric acids for 
approximately Ih hours or until white fumes 
are visible, then oxidized with potassium 
permanganate, and the excess permanganate is 
reduced with hydroxylamine sulfate and 
the divalent mercury reduced with stannous 
chloride. The vessel containing the sample 
is attached to the F.A.A.S. system and the 
sample aerated. The mercury now present as 
Eg° is purged through the system and measured 
spectrophotoraetrically. 

Approximately 100 analyses in duplicate can be 
completed per day. 

The absorption obeys Beers Law over the range 
0,005 to 0.4 ]ig. Since . 4 \ig is approximately 
80% full scale, dilution of samples containing 
more than l]ig/g is required. 

1 . 9? ± 0.03 \\g/g for ten determinations per- 
formed on a gelatin standard containing 2,00 
Vg/g mercury. 

From the precision data above, about 98% 

About 0.005 \xg/g based on the normal weight 
of sample taken {0.5g), It is likely that 
greater sensitivity would be achieved by taking 
larger samples or by means of further electrical 
expansion on the readout equipment. 

There are relatively few compounds that will 
interfere at the levels present in biological 



SUMMARY 



material. Of concern are chlorides and 
oxides of nitrogen, but a proper digestion 
procedure will eliminate these problems. 
Water vapour is eliminated by a water trap. 
Volatile aroraatics and some diatomic gases 
can absorb at the mercury resonance wave- 
length, but these are normally absent after 
the digestion step. 



Minimum volume 
of sample 



A minimum 5 gram 
is desirable. 



?s of homogenized material 



Preservation 
and Sample 
container 



Biological samples should be quick frozen 
and placed in a clean, mercury-free container 
until analy zed . 



Safety 

cons iderations 



Safe handling of all acids must be observed, 
and care should be taken when biological 
matter is being prQcessed to prevent possible 
infection. 
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THE DETERMINATION OF TOTAL MERCURY 

IN BIOLOGICAL MATERIAL 

•^•^-^^—^-^^—— — — ^^— ^^— ^— — 

Hot Block Heating I Mercury Meter Measurement 

1, Introduction 

Frozen samples are thawed and homogenized again with 
a glass stirring rod to redistribute any liquid that could 
partition out during thawing. Approximately 0,3 to 0.6 g 
of homogenized tissue are accurately weighed into SO ml 
pyrex culture tubes. Five ml of a 4:1 volumetric ratio of 
sulf uric-nitric acids are added. The tubes are then placed 
in an aluminum block with holes capable of holding 50 ml 
culture tubes. The block is heated to 26 0°C by means of a 
hot plate and the samples allowed to fume (white SO^). The 
samples are then allowed to cool and saturated potassium 
permanganate solution is added as a further oxidant. The 
samples are allowed to stand for h hour and hydroxylamine 
sulfate added to reduce any excess permanganate or manganese 
dioxide. Immediately prior to purging the sample with air, 
stannous chloride is added to reduce the mercury to its 
atomic state. The mercury vapour is then passed through the 
FAAS system and the resultant absorption is measured spectro- 
photometrically and presented on a recorder. 

2, Interferences and shortcomings 

There are a number of elements or their oxides that can 
interfere both chemically and/or spectrally with mercury 
when analyzed using FAAS. Practically none of these are 
present in biological material at sufficient levels to cause 
problems . 

Selenium, tellurium, antimony, bismuth and arsenic are 
reported to interfere chemically, but this effect has not 
been observed in biological samples in this laboratory. 

A group of interfering substances that cause the problems 
because of their positive spectral interference are water 
vapour, N02t CI2 and any volatile organic solvents that 
absorb at 2SZ. 7 nm. 

Water vapour is eliminated from the system by the inser- 
tion of a coil in an ice bath followed immediately by a water 
trap prior to the optical cell. 

NOzf CO 2 and CI 2 should not be present after the 
digestion step normally performed. 

Organic solvents (acetone, chloroform, etc.) should 
not be used in the laboratory or for cleaning glassware. 




Diagram 2 



Aluminum Hotblock 




iploti 2 



Mtreyry meter S cieratiort apporafys 
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3. Apparatus 



REFER TO DIAGRAMS 1 AND 2 AND PLATES 2 AND 3 FOE A 
FICTORIAL VIEW OF THE APPARATUS, 



a) Laboratory Data Control O.V. Monitor, 

b) Sargent Welch recorder; (model SRG) . 

c) Aluminum block (diagram 2) . 

d) Culture tubes, 60 ml, 

e) Analytical Balance? single pan (Mettler) . 

f) Dreschel bottle; 250 ml volume, Quickfit (832461 j 
with a 24/29 ground joint, 

g) Plunger device; composed of two parts (1) . Pyrex 
tubing, I.D. 9 mm; 0,D. 11 mm, and 2 am in length - 
(2) . Glass rod 8 mm in diameter, 25 am in length. 

h) Mixing coil; as supplied for Technicon Auto-analyzer, 

(13 am long), 

i) Flowmeter; Gilmont (sise §3), 

j) Hot plate, capable of maintaining 300 °C, 

k) Gas dispersion tube; with fritted glass cylinder, 
250 mm length, stem diameter 8 mm, 

1) PTFE stopcock; three way, Quickfit 24/29 used for 
directing flow of air (1) . bypassing sample and 
(2) through sample, thus aerating it. 

m) Gas bubble counter; (Canlab §C7778-C) used as water 
droplet trap. 

n) Compressed air. 

ALL GLASSWARE AND APPARATUS MUST BE THOROUGHLY 
CLEANED PRIOR TO USE, 



Cleaning of Apparatus 

a) The optical cell should be cleaned once a week and/or 
following contamination with excessively high level 
mercury samples. Rinse cell with (1) water 

(2) nitric acid 

(3) methanol 

THE CELL SHOULD THEN BE BLOWN DEI WITH AIR, 
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b) The teflon stopcock should be cleaned every week 
(minimiim) with chromic acid, water, methanol and 
then air-dried. 

c) All polyethylene and glass tubing should either be 
replaced or rinsed with water, followed by methanol 
and blown dry with a stream of air. 

d) The dreschel bottle should be cleaned thoroughly 
every day or after an extremely high sample, with a 
cleaning solution containing 1% EDTA in 2 0% NaOH. 
Bottles are usually soaked in this solution for 

twelve hours. 



ONLY ONE BOTTLE IS USED FOR STANDARDS AND SAMPLES 
DURING A RUN BECAUSE THERE IS A "BOTTLE EFFECT" 
WHICH CAUSES SLIGHT BUT SIGNIFICANT DIFFERENCES 
IN READINGS FROM BOTTLE TO BOTTLE. 



e) Culture tubes are cleaned inmediately after 
use with (1) soap and water 

(2) chromic acid 

(3) distilled water 



TUBES MUST BE DRY BEFORE RE-USE, 
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4. Reagents 



ALL REAGENTS USED SHOULD BE ANALYZED IN THE 
LABORATORY AND ONLY THOSE WITH A SUFFICIENTLI 
LOW MERCURY CONTENT SHOULD BE RETAINED, 



a) Sulfuric acid; reagent grade, concentrated. 

Experience with a variety of acids indicate that 
either Baker Analyzed or McArthur Chemicals sulfuric 

acids are acceptable. Reagents other than those 
mentioned in this section may possess the required 

degree O'f purity. 

h) Nitric acidi reagent grade, co^ncentrated . Of 
several brands investigated, only Baker Analyzed 
reagent has been found satisfactory. 

c) Hydrochloric acid; reagent grade, concentrated, 

Mallinckrodt reagent has been foun,d satisfactory. 

d) Potassium permanganate; analytical reagent, BDH 

Analar crystals have been fO'Und satisfactO'ry . 

e) HYdroxylamine sulfate,; labO'ratO'ry reagent ^ BDH. 

reagent is satisfactory. 

f) Stannous chloride; analytical reagent. BDH Analar 

reagent is satisfactory. 

g) Sodium Hydroxide; Certified A.C.S. Electrolytic 
Pellets. 

h) Ethylenediaminetetra-acetic acid; labO'rato^ry 
reagent. BDH Disodium salt is satis factory . 

i) Mercuric chloride; reagent grade. As supplied by 
Mallinckrodt Chemicals ,. 

j) Methyl Mercuric Chloride; reagent grade, Alfa 

Organics is a satisfactory supplier. 

k) Digestion Acid 

The mixture co^ntains a volumetric ratio of four parts 
sulfuric acid (concentrated) to one part nitric acid 
(concentrated) . 



MIXING CAUSES AN EXOTHERMIC REACTION i ACCORDINGLI 
EXTREME CARE SHOULD BE EXERCISED DURING THIS STEP. 
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1) Potassiimi Permanganate solution 

The solution should be saturated {60 g/l) at room 
temperature, then allowed to stand for at least 
48 hours in sunlight before use, to form small 
amounts of MnOz, which slowly settles out. This 
step greatly reduces the risk of mercury contamina- 
tion from the KMnOi^. 

m) Hydroxy lamine Sulfate solution 

The solution {20% w/v) is prepared by dissolving 
200 grams of reagent grade (BDH) hydroxy lamine 
sulfate in 1 litre of distilled water. This solu- 
tion is used to reduce the excess permanganate 
after digestion. 

n) Stannous chloride solution 

The solution {20% w/v) is prepared by dissolving 
400 grams of reagent grade stannous chloride (BDH) 
in 2 litres of concentrated hydrochloric acid. 
This solution is used to reduce the mercury to its 
atomic form {Bg°) , 

o) Mercuric chloride stock solution 

Prepared by dissolving 1. 358 grams in one litre of 
distilled water containing 10 mis of concentrated 
nitric acid. Concentration Ij 000 ug/ml. 

p) Methyl mercuric chloride stock solution 

Prepared by dissolving 0, 6258 grams of methyl 
mercuric chloride in 1000 mis of methanol (reagent 
grade) . Concentration 500 ug/ml. 

q) Mercury standards 

Working solutions containing 1 \ig mercury 
per ml should be made up by making successive 
dilutions from the stock solution in distilled 
water. New working solutions should be made up 
weekly and the concentration of mercury in these 
should be within 1% of the old ones. 

5. Procedure 

Physical Preparation 

The following is an outline of the treatment received 
by an individual fish (27). 

Initially, all adhering mucous is washed off and the 
fish is patted dry with paper towelling. It is 
measured (to 0.1 am) and weighed (to 0, Ig) and the 
data is recorded. 
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Subsequent to weighing, the fish is placed on a wooden 
board covered with paper towelling. An incision is 
made with a stainless steel knife on the dorsal surface 
posterior to the nape, and the body is cut ventrally 
to a point below and posterior to the pectoral fin. The 
gut cavity is sliced open, and the liver removed, when 
analysis of this organ is required. It is transferred 
to an aluminum foil cup which is sealed and designated 
with a laboratory nun^er. The sex of the fish is noted 
and recorded. 

The fish is cut posteriorly along the dorsal surface. 
The epaxial musculature (muscle above the lateral line) 
is stripped from the skin and about 5 grama of it is 
placed into a clean stainless steel cup in which the 
tissue is ground for two minutes with a mechanical 
homogenizer (Virtis) . Two to five grams of the homo- 
genized tissue is then transferred with a stainless 
steel scoopula to an aluminum foil cup. The cup is 
sealed and designated with a laboratory number. 

Samples are submitted to the analytical laboratory where 
they are frozen and stored until the analytical pro- 
cedures are begun. 

Analytical Procedure 

a) Thaw fish prior to weighing and homogenize again 
with a glass rod to ensure that the liquid-flesh 
partition, which occurs during freezing, does not 
contribute to imprecision or inaccuracy. 

b) About 0,3 to 0,5 g of homogenized fish tissue is 
injected into tared 60 ml pyrex culture tubes by 
means of an all-glass plunger device. The culture 
tubes are re-weighed on a single pan analytical 
balance to four significant figures, and the differ- 
ence in weights due to the addition of the sample 

is recorded . 

c) The samples are prepared as part of a series of 
blanks, controls and samples called a "run". 

A "run" of samples consists of - 

1) two reagent blanks, 

2) An organic standard curve consisting 

of 0,1, 0.2, 0.3 and 0.4 \ig in duplicate, 

3) two "control low" fish, 

4) two "control high" fish, 

5) one inorganic spike*, 

6) one organic spike*, 

7) twenty routine fish samples in duplicate. 

"Control high" and "low" are fish that have been 
previously analyzed at least twenty times, "Control 
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low" is in the 0,5 ug/g range and "Control high" 
is in the 2-3 ^g/g range. 

*Spike samples are arbitrarily selected fish within 
the run that are spiked with known amounts of 
inorganic or organic standards (0.02 y^g usuallyj 
to determine percent recovery. 

d) To the culture tubes add B,Q ml of digesting acid 

(4:1 v/v H^SO^, HNO^}, 

e) Place tubes in an aluminum block and heat at 260°C 
for approximately 1\ hours or until continuous white 
fuming takes place. After cooling the digestate 
should be completely clear. 

f) The samples are then swirled in an ice bath while 
enough potassium permanganate solution is added to 
maintain a purple colour (less than 2 ml}^ 

g) The samples are allowed to stand for \ hour before 
reduction. 

h) Reduce excess permanganate by adding 1 ml of 20% 
hydroxylamine sulfate solution. Before addition 
of the hydroxylamine sulfate solution approximately 
20 ml of distilled water is added to prevent genera- 
tion of excessive heat and the remote possibility 
of sample foaming. 

i) Decant the sample into a dreschel bottle and rinse 
the Kjeldahl flask thoroughly with distilled water. 
The final volume in the dreschel bottle should be 

50 ml. 

j) Add 3.0 ml of 20% stannous chloride solutioii to 
reduce the mercury. 

(Eg-l-^ -t Sn+^ ■* Eg^ -f Sn-h'* ) 

k) Immediately attach the dreschel bottle to the 
apparatus and aerate the sample . 

1) After maximum absorbance has been attained, flush 
the system by aerating a bottle containing distilled 
water only, until the original baseline is reached 
on the recorder. 

Special Precautions 

i) Periodically the instriunent should be checked for 
drift from zero position. 



Determination of Total Mercury Ministry of the Environment 

in Biologioal Material January 25^ 1973 



low" is in the 0.6 y^g/g range and "Control high" 
is in the 2-2 yg/^ range. 

*Spike samples are arbitrarily selected fish within 
the run that are spiked with known amounts of 
inorganic or organic standards (0.02 ^g usuallyj 
tO' determine percent recovery, 

d) To the culture tubes add 5,0 ml of digesting acid 
(4:1 v/v H^SO^^^ HNO^}, 

e) Place tubes in an aluminum block and heat at 260^0 
for approximately li^ hours or until continuous white 
fuming takes place. After cooling the digestate 
should be completely clear. 

f) The samples are then swirled in an ice bath while 
enough potassium permanganate solution is added to 
maintain a purple colour (less than 2 ml). 

g) The samples are allowed to stand for Jj hour before 
reduction. 

h) Reduce excess permanganate by adding 1 ml of 20% 
hydroxylamine sulfate solution. Before addition 
of the hydroxylamine sulfate solution appro'ximately 
20 ml of distilled water is added to prevent genera- 
tion of excessive heat and the remote possibility 
of sample foaming, 

i) Decant the sample into a dreschel bottle and rinse 
the Kjeldahl flask thoroughly with distilled water. 
The final volume in the dreschel bottle should be 

50 ml. 

j) Add S.O ml of 20% stannous chloride solution to 
reduce the mercury. 

(Hg-f^ + Sn+^ -^ Eg^ + Sn+'* } 

k) Immediately attach the dreschel bottle to the 
apparatus and aerate the sample . 

1) After maximum absorbance has been attained, flush 
the system by aerating a bottle containing distilled 
water only, until the original baseline is reached 
on the recorder. 

Special Precautions 

i) Periodically the instrument should be checked for 
drift from zero position. 
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ii) If any changes to the system are made during the 
run, new standards should be analyzed to determine 
variations in sensitivity, 

iii) Moisture content in the water trap should be periodi- 
cally checked. Empty as needed to prevent bubbling. 

Instrument Operation 

FOR SET-UP OF FAAS SYSTEM (L.D,C, MERCURY METER), 
IF ANOTHER INSTRUMENT IS USED CONSULT MANUFACTURERS 
MANUAL. 



a) If equipment is installed as instructed in the 
manual, no problems should arise. 

b) Meter and recorder should be allowed to warm-up for 
h hour prior to use. 

c) Follow procedure for cleaning apparatus, 

d) Meter reading should not be allowed to exceed 0.4* 



A READING ABOVE THIS LEVEL INDICATES PRESENCE OF 
MOISTURE IN THE CELL. 



e) When the system is equilibrated, set recorder to 
zero using the controls on the U.V. detector. 

f) Set recorder at "slow" (1 am/minute) chart speed and 
10 mv reading. The UV monitor range setting should 

he 0.64. 

g) Turn on compressed air supply and set flow to 30 
(S.4 l/min.) The adjustment must be performed with 
a dreschel bottle of distilled water present in the 
system, 

h) Check gas dispersion tubes (replace if worn) . 

i) Check for leaks in connections. 

j) Run at least a standard curve in duplicate (0.1, 0.2^ 
0.3, 0.4 Hg unitsJ . If reproducibility is poor the 
set-up procedure should be repeated; the pipetting 
technique re-examined, and the possibility of a 
leak in the system checked. 

k) Check water trap periodically for water content. 
Bubbling and the attendant possibility of water 
entering the cell must be avoided. 
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6. Calculation and Reporting 

There are three sets of standards analyzed. 

a) undigested inorganic standards, 

b) digested inorganic standards, 

c) digested organic standards. 

The digested organic standards are chosen for calcu- 
lations because they receive the same treatment as the samples 
and it has been shown that 80-100% of the mercury in fish is 
present in the organic form. The peak heights for the blanks 
and standards are measured and averaged. Standards are 
corrected for blank effect and a standard curve is constructed. 
The peak heights for the unknowns are then measured, blank 
corrected, and compared to the digested organic mercury standard 
curve, and the mercury content in micrograms is recorded. The 
amount of mercury (\ig) is then related to the fish weight taken 
Vg/g (concentration) , 

Formula : 

\ig/g mercury as Hg = k - b 

(a - b) n 

.X = peak height of sample 

b - peak height of blank 

a = average peak height of organic standard 

n - weight in gram of fish aliquot 

The samples are analyzed in duplicate and the percent 
deviation of the lowest of the two results from the mean 
must not exceed 10% • If it does, the sample is immediately 
reanalyzed in duplicate. 

Example s 

Duplicate results 0.89 ]ig/g 

0.85 
Mean results 0.8 7 \xg/g 
% deviation ±2.Z 

The percent deviation from the mean was less than ± io% 
so the result is acceptable. 

Reporting 

Range of mercury found, in \ig/g Reported mercury, in ]yg/g 

<0.02 <0.02 

0.02 to 0.09 1 significant figure, 

0.10 to 0.99 2 significant figures. 

1.0 to 99 2 significant figures* 
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THE DETERMINATION OF TOTAL MERCURY 
BY COBfflUST ION -AMALGAMATION 



SUMMARY 



Subetance 
determined, 

I n t e r pr e t a t ion 
of Results, 

Pxinciple of 
Method. 



Time required 

for Analysis, 



Range of 

applicatiO'n. 

Precision and 
accuracy . 



Limit of 
detection. 



Total Mercury. 



Reeulte are repo^rted in pg/i ox rig/ 1 based 
on the ""wet" weight of the B.ample. 

Mercury is released from the sample into a 
stream of oxygen by combustion at approxi- 
mately 800^C in a high-frequency induction 
furnace.. The mercury vapor and combusion 
products are passed through a sodiuni. hydroxide 
wash, a constant water vapor trap and a calciiMi 
sulfate water trap, in order to remover inter- 
ferences. The mercury is then collected on a 
gold trap (gold wire) and the amalgam is 
reheated (460^) to release the mercury, thus 
avodding the effects O'f most poseible inter- 
ferences. The mercury is then quantitated 
by use of a mercury meter. 

A single analysis requires about ten minutes, 

AbO'Ut forty determinations can be completed in 
one day. 

With a sample weight of ^.Ig, a range of 
0.01 - 5 -ug/g. 

An average recovery of 96.^' ± 6% was attained 
on four samples (analyzed by sixteen reputable 

laboratories) containing 0.77 to 4,6 \ig/g, 

10 ng/g at present fJanuary 1973) . 



Interferences 

and ehort- 
comings . 



Minimum volume 

of sample. 

Preservation 
and sample 
container. 



The extreme sensitivity of this method, causes 
problems when samples containing greater than 
5 ng/g O'f mercury are analyzed because smaller 
aliquots must be taken, resulting in increasingly 

large errors due to sample heterogeniety. 
Samples containing large amO'Unts of sulfide (such 
as hair samples) can cause problems because the 

sodium hydroxide trap becomes saturated with 
SO 2, causing an unstable baseline. 

0,-5 gram, of biological or sedimeiit sample , 10 ml 
o,f aqueous sample. 

Biological samples should be quick- frozen and 

placed in a, clean me,rcury-free container. 



SUMMARY 



Preservation 
and sample 
container 
(cont'd) 



Sediment samples should be stored in a clean, 
mercury-- free container. 

Aqueous samples should be acidified with nitric 
acid and stored in a clean, mercury-free 
container. 



Safety 
considerations 



The high voltage and radio frequency radiation 
basic to the system described herein require 
that special precautions be observed. 
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THE DETE.RM,INA.TION OF TOTAL MERCURY 
BY COMBUSTION-AMALGAMATION 



1 . Introduction 

Aliquots of not more than 0.2 g of fish tissue, sediment 
or 0, 2 ml of aqueous solution are placed in a ceramic crucible 
and heated in an o^xygen enriched atmO'Sphere for 3,5 minutes 
in one coil of a twin coil radio- frequency induction furnace* 
The released mercury vapor and combustion products are carried 
by the oxygen stream (30) through a sodium hydroxide scrubber, 
a water condenser and finally through a calcium sulfate 
moisture trap (29) . 

The mercury, now in its atomic stage (Hg^) , is collected 
on gold wire (five grams of 24 gauge wire cut into approxi- 
mately 3 mm lengthsj . The mercury readily amalgamates with 
the gold (31, 32) . The gold-mercury amalgam is then heated 
by a second coil at approximately 4 50°C until all the mercury 
is volatilized, passed through an absorption cell, and 
measured by an L.D.C. mercury monitor, 

2 . Interferences and shortcomings 

The method is practically interference free, as most 
volatile organics, sulfides and water vapor are removed by 
the NaOH scrubber and water traps. 

Any compounds capable of absorbing radiation at 25 3.7 nm 
that escape the previously mentioned precautions will generally 
pass the gold trap unobstructed, and will cause absorption in 
the mercury measuring system before any mercury is released 
from the gold trap. The gold-mercury amalgam in the second 
coil is not heated until any peak shift from interferences 
has stabilized. It is noteworthy that very few samples 
show significant observable interferences at this point. 

3. Apparatus 

a) Leco Induction Furnace; Model 523-300, twin tube 
furnace equipped with type "L" conversion for 
combustion sulfur analyses of hydrocarbons. 

b) Variable transformer; Leco #84, for control of power 
input to the induction furnace . 

c) Ceramic crucibles; Leco #528035, for containing 

samples • 

d) Vycor insert crucibles; Leco #55018 3 for use with 
aqueous samples and standards. 
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e) Silicon carbide crucible covers; Leco #76 3212 

(20 X 3 mm) used to couple with induction coil thus 
heating sample by reflectance. 

f) Spectrophotometer; Laboratory Data Control Model 1235 
mercury monitor, used as an extremely sensitive F.A.A.S 
system. 

g) Recorder, Sargent Welch (model SR6) , equipped with a 
disc integrator. 

h) Gas washing bottle; with a 29/4 joint 175 ml volume, 
containing 25 ml of 6% (w/v) sodium hydroxide in 
distilled water. Renew solution daily. The solution 
should be prepared prior to use, and aerated to 
remove traces of mercury from sodium hydroxide reagent. 

i) Water condenser; separable plastic vacuum trap (30 x 
160 mm) with body of tube immersed in ice bath. Empty 
water as needed to prevent bubbling. 

j) Heating tape; 2,5 k 610 om "Electrothermal", with 
Variac to control heat (Power slot 120 v) . Tape is 
wrapped around Teflon tubing to prevent acidic 
residue condensation within. 

k) Teflon tubing; 8 mm I.D, heat and acid resistant. 

1) Drying tubing; Plastic 175 x 20 mm, containing CaSO^, 
Replace CaSOk daily. 

m) Amalgamator; Vycor glass, containing glass wool and 
gold wire (see drawing) , 

n) Flowmeter; Gilmont (size §3). 

o) Syringes, Eppendorf, 50 ^ 25 j 10 ^ 5 ul* 




n 



i*- 



©- 

1 



I. Got flow nifttr 
liSofnpIt combuition tubt 
S.NaOH got woth 
7. ice woltr botli 

9 gold ofnolgaffiotor cofnbyttJon 

tubt 
1 1. Vorioblt troniforiiivr 
l3.Variabti troiitformir 



2«Mereyry vopor onoiyztr 
4. Mtot tope 
S.Cold flngir wattr eonienstr 
8. Co SO. 



furnoec 



10. Gold apuifiieo trop 
l2.Two-tubo Indifction 
14. Rtfironeo coll 



19. Abtorption col I 



Dio§ram 3 



Mirettry litttr %sttifi 



right angle bend 



spring clip 



igniter 



cover 



erucible 



ceramic pedestal 



pedestal raising nut 



troy assemlily 




outlet for connb. prod. 



silicon tubing 



upper adapter ring 



inituctor coil 



combustion tube 



lower adapter ring 



t2ZZ2^ 



— Og inlet 



ring seal 



Diagram 4 



inductor Coil Detail 




15^^ 



!<-— E 



3 ► 



l14 



10 



i^ 



©- 



«] |K>^ 




iSat flow ifittir 
3LSamplt eombutfiofi tuii 
S.NaOH got woth 
7. )€• wottr both 

9. dold omolf Offiotor cofnbuttlon 

tubi 
I i. Voriobit trofitforfiitr 
ILVorioblt trofitformir 



I!, Mir cur y vopor ofiolyivr 
4. Hiot topt 

CColi fliotr wQtif conitntar 
8.CoSO^ trop 

10. Gold a pymict trap 
l2.Two-tub€ induetion furiKiei 
14. Rifiranct ctll 



IS. Abiorptiori etil 



Diogrom 3 



Mtrciiry Mtttr %stim 



Determination of Total Mercury Minis try of the Environment 

by Combustion-Amalgamation January 25^ 2973 



e) Pipet an appropriate standard (usually 0,1 ml of 
1 \ig/ml at the 0.32 setting on L.D.C. readout) into 
a Vycor insert crucible, place insert into a ceramic 
crucible, and cover with the porous silicon carbide 
cover. 



THE USE OF THE VYCOR INSERT CRUCIBLE IS REQUIRED FOR 
AQUEOUS SOLUTIONS BECAUSE THE CERAMIC CRUCIBLES ARE 
TOO POROUS TO BE USED DIRECTLY, 



f) Place the covered ceramic crucible on the pedestal 
of th.e right side inductor coil, lift the raising 
mechanism and lock it into the operational position. 
At this point the high voltage (red) light should 
be illuminated and there should be an increase in 
the grid and plate amperage readings. 

g) Heat the crucible for 3.5 minutes. The left side 
inductor coil lifting mechanism holding the gold 
trap must remain in the lowered position during 
this part of the procedure, 

h) After combustion of the sample, release the heating 
mechanism but do not stop the flow of oxygen. 

i) Lift the left side raising mechanism supporting the 
gold trap. This activates the left coil, causing 
it to heat the gold trap for approximately 1,5 minutes 
or until the recorder pen returns to baseline. 

j) The gold trap should be allowed to cool for at least 

two m.inute6 before re-use i failure to^ do so will 
cause premature release of mercury on the following 
sample. 

k) The samples can be weighed into the ceramic crucibles 
and treated the same as the standards. Standards are 
chosen to match the expected level of mercury in the 
samples being analyzed. A range of standards are run 
to provide a calibration curve. Precision is checked 
by running at least five identical standards. Rela- 
tive standard deviation must be less than 10%. 

1) Mercury concentrations are calculated based on peak 
areas and an integrating recorder greatly simplifies 
the work involved in the calculation. 



THE PEAK HEIGHTS ARE NOT TO BE USED BECAUSE OF SMALL 
CHANGES IN THE HEATING AND MERCURY-RELEASING 
CHARACTERISTICS OF THE GOLD AMALGAM, WHICH RESULT 
IN IMPRECISION. 
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is Reagents 

a) Sodium hydroxide solution,' 6% w/v. 

An ultra-pure reagent should be used and aerated 
prior to use * 

b) Mercury Chloride Stock Solution 

Prepared by dissolving 1. E58 grams in one litre of 
distilled water containing 10 mis of concentrated 
nitric acid (1000 ug Hg/ml) , 

i 

c) Methyl Mercury Chloride Stock Solution 

Prepared by dissolving 0. 6258 grams of methyl 
mercuric chloride in 1000 mis of methanol (Reagent 
grade). (500 ug Hg/ml) , 

d) Mercury Standards 

Working solutions containing I ug mercury per ml 
should be prepared by making successive dilutions 
from the stock solution in distilled water. New 
working solutions should be made up weekly and 
should be checked for mercury content against the 
"old" working solutions, Agreement should be 
within 1%, 

e) Oxygen supply 

As supplied by Gas Dynamics Iiimited. 
5 . Procedure 

a) The furnace should be set up as described in the 
Leco procedure for the determination of sulfur in 
hydrocarbons. The equipment set up is shown in 
Plate 3, and a schematic is provided in Diagram 5. 
The right side inductor coil should be set up as 
shown in Diagram 4, and the left side as shown in 
Diagram 5. 

b) Set oxygen flow through the apparatus at 1 litre per 
minute and check system for leaks. 

c) Adjust setting on the furnace variac to 80 and set 
grid tap to low. The heating tape should be 
generating enough heat to prevent condensation of 
moisture on the inside of the Teflon tubing that 
connects the combustion tube with the caustic trap. 

d) Zero the mercury monitor and recorder. 
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4, Reagents 

a) Sodium hydroxide solution; 6% w/v. 

An ultra-pure reagent should be used and aerated 
prior to use . 

b) Mercury Chloride Stock Solution 

Prepared by dissolving 1. 258 grams in one litre of 
distilled water containing 10 mis of concentrated 
nitric acid (1000 ug Bg/ml) , 

c) Methyl Mercury Chloride Stock Solution 

Prepared by dissolving 0, 6858 grams of methyl 
mercuric chloride in 1000 mis of methanol (Reagent 
grade). ' {500 ug Hg/ml) , 

d) Mercury Standards 

Working solutions containing 1 ug mercury per ml 
should be prepared by making successive dilutions 
from the stock solution in distilled water. New 
working solutions should be made up weekly and 
should be checked for mercury content against the 
"old" working solutions. Agreement should be 
within 1%. 

e ) Oxygen supply 

As supplied by Gas Dynamics Limited. 

5 . Procedure 

a) The furnace should be set up as described in the 
Leco procedure for the determination of sulfur in 
hydrocarbons. The equipment set up is shown in 
Plate 3f and a schematic is provided in Diagram 3, 
The right side inductor coil should be set up as 
shown in Diagram 4, and the left side as shown in 
Diagram 5. 

b) Set oxygen flow through the apparatus at 1 litre per 
minute and check system for leaks. 

c) Adjust setting on the furnace variac to 80 and set 
grid tap to low. The heating tape should be 
generating enough heat to prevent condensation of 
moisture on the inside of the Teflon tubing that 
connects the combustion tube with the caustic trap. 

d) Zero the mercury monitor and recorder. 
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e) Pipet an appropriate standard (usually 0.1 ml of 
1 \ig/ml at the 0.32 setting on L.D.C. readout) into 
a Vycor insert crucible, place insert into a ceramic 
crucible, and cover with the porous silicon carbide 
cover » 



THE USE OF THE VYCOR INSERT CRUCIBLE IS REQUIRED FOR 
AQUEOUS SOLUTIONS BECAUSE THE CERAMIC CRUCIBLES ARE 
TOO POROUS TO BE USED DIRECTLY. 



f) Place the covered ceramic crucible on the pedestal 
of the right side inductor coil, lift the raising 
mechanism and lock it into the operational position. 
At this point the high voltage (red) light should 
be illuminated and there should be an increase in 
the grid and plate amperage readings. 

g) Heat the crucible for S.6 minutes. The left side 
inductor coil lifting mechanism holding the gold 
trap must remain in the lowered position during 
this part of the procedure, 

h) After combustion of the sample, release the heating 
mechanism but do not stop the flow of oxygen. 

i) Lift the left side raising mechanism supporting the 
gold trap. This activates the left coil, causing 
it to heat the gold trap for approximately 1.5 minutes 
or until the recorder pen returns to baseline. 

j) The gold trap should be allowed to cool for at least 
two minutes before re-use; failure to do so will 
cause premature release of mercury on the following 
sample. 

k) The samples can be weighed into the ceramic crucibles 
and treated the same as the standards. Standards are 
chosen to match the expected level of mercury in the 
samples being analyzed. A range of standards are run 
to provide a calibration curve. Precision is checked 
by running at least five identical standards. Rela- 
tive standard deviation must be less than 10%. 

1} Mercury concentrations are calculated based on peak 
areas and an integrating recorder greatly simplifies 
the work involved in the calculation. 



TEE PEAK HEIGHTS ARE NOT TO BE USED BECAUSE OF SMALL 
CHANGES IN THE HEATING AND MERCURY-RELEASING 
CHARACTERISTICS OF THE GOLD AMALGAM^ WHICH RESULT 
IN IMPRECISION. 
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m) The area under the curve for a sample is compared 
to the standard calibration curve and the concen- 
tration of mercury is extrapolated using this data 



6 , Calculation and Reporting 

Formula - 

(a ~ a) K d = T\g/g Mercury as Eg 
(b - a) X e 

a - area under curve of sample 

b - area under curve of standard 

c - area under ourve of blank 

d - standard in r\g 

e = weight of sample in grams 



Reporting 

Range in T\g/g 

SO T]g/g 
50,0 to 100 
100 to 1000 



Reported in T\g/g 
BO T]g/g 

2 significant figures 

3 significant figures 
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THE DETERMINATION OF TOTAL MERCURY 
IN SEDIMENT 



SUMMARY 



Substance 
determined. 

Interpretation 
of results. 



Principle 
of method. 



Time required 
for analysis. 



Range of 
application. 



Precision and 
accuracy. 



Total mercury in sediment. 



All sediment data is reported on a dry weight 
basis, drying factors are calculated on 
separate aliquots but the mercury determination 
is always performed on the wet, homogenized 
sediment. 

A weighed portion of sample is digested in 
dilute aqua regia. Addition of potassium 
permanganate makes this acidic medium strongly 
oxidizing and the samples are reheated. The 
samples are filtered and reduced with hydroxyl- 
amine sulfate and stannous chloride solutions. 
The sample is attached to the F.A.A.S. system 
and aerated. The reduced mercury is purged 
through the A.A.S. system, causing absorption 
of the mercury resonance wavelength. This is 
measured spectrophotometrically and is pre- 
sented as a peak on a recorder. The sample 
peak height is then compared to digested 
standard peak heights and the mercury content 
of the sample is determined from this ratio. 

A single analysis requires approximately one 
day. However, a set of twelve samples in 
duplicate, with blanks, standards, and spikes 
can be completed in one day when the samples 
are tested in batches. 

Without extension of detection limits by 
dilution or recorder adjustments, the range 

is 0,02 to 1, 75 \ig/g. 

±2% at the 5 \ig/g level. 

The Environmental Protection Agency in the U.S. 
supplied two round-robin sediments to the M.O.E. 
and the following data compares the mean results 
of forty-eight participating laboratories to 
those obtained using the procedure described 
herein. (33) . 



Mean ]ig/g 

109. 5 
43,5 



M.O.E. (Aqua Regia Digestion) 

105 (96% recovery ) 
44.2(102% recovery) 



SUmiARY 



Limit of 
detection. 



Interferences 
and short- 
comings . 



0,0 2 ugVg, 

It is likely that greater sensitivities would 

be achieved by taking larger samples. 

There are relatively few compounds that will 
interfere at the levels normally present in 
sediment* Of concern are chlorides and oxides 
of nitrogen but a complete digestion will 
eliminate most of these problems. Interference 
from water vapor is eliminated by a water trap 
and by the use of radiant heat from a tungsten 
bulb. 



Minimum volume 
of sample. 

Preservation and 

sample container, 



60 grams of sediment. 



No preservation of sample is possible, thus 
immediate analysis is a necessity. The 
sample should be placed in a glass container 
and contact with metallic substances avoided. 



Safety 
considerations , 



Safe handling of acids must be observed # and 
care taken when samples are acidified because 
of the possibility of chlorine evolving. 
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THE DETERMINATION OF TOTAL MERCURY 



IN SEDIMENT 



1. Introduction 

On arrival at the laboratory, the sample is homogenized 
as much as possible with a glass rodr and duplicate portions 
of the homogenate are removed manually so as to exclude 
sticks, large stones (exceeding 2 mm diameter), leaves, etc. 
These portions are digested in aqua regia and potassium 
permanganate at a temperature of approximately 10 0°C. At 
the same time a portion of sample is weighed into an evapora- 
ting dish, dried at lOO^C and reweighed. This moisture loss 
data is used to convert the mercury values found on wet 
sediment (as it arrived in the laboratory) , to values based 
on dry weight. The digested sample is allowed to cool and 
hydroxylamine sulfate solution is added to reduce any excess 
permanganate or manganese dioxide. The sample is then 
filtered, made up to a fixed volume with distilled water, 
and iiranediately prior to purging with air, stannous chloride 
solution is added to reduce the mercury to its atomic state. 
(9, 16, 18). The mercury vapor is then purged through the 
F.A.A.S. system and the resultant absorption is measured 
spectrophotometrically and presented on a recorder. 

2 , Interferences and Shortcomings 

There are a number of elements or their oxides that can 
interfere both chemically and/or spectrally with mercury 
when analyzed using F.A.A.S. Selenium, tellurium, antimony, 
bismuth and arsenic are reported to interfere chemically by 
oxidizing the stannous chloride used as reducing agent, but 
this effect has not been observed in this laboratory. A 
group of interfering substances that cause problems because 
of their positive spectral interference are water vapor, 
l^Ozf Clzf and any volatile organic solvents that absorb 
light at 252.7 nm , Water vapor is eliminated from the 
system by the insertion of a coil in an ice bath followed 
immediately by a chemical water trap prior to the optical 
cell. As a further precaution, a tungsten element lamp 
shines on the cell to^ maintain, its temperature abO'Ut 10°C 
above ambient, thereby preventing condensation of water 
vapor on the cell windows. 

NOzr CO2 and CI2 should not be present after the routine 
digestion step. 

Organic solvents (acetone, chloroform, etc.) should not 
be used in the laboratory or for cleaning glassware. 
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3, Apparatus 



REFER TO DIAGRAM 1 AND PLATE 1 FOR A PICTORIAL 
VIEW OF THE APPARATUS. 



m 



n 



Hilger -Watts Atomspek Atomic Absorption Spectro- 
photometer, or equivalent (Plate 2). 

Sargent Welch recorder; (Model SRG). 

Optical cell,' 18 cm. long with a i,s cm diameter and 
quartz windows . 

Drying tube; plastic 11,6 am x 2.0 am diameter 
filled with calcium sulfate. Replace daily. 

Hollow cathode lamp; Mercury cathode, A.S.L, 

Analytical Balance; singe pan (Mettler) . 

Dreschel bottle; 250 ml volume, Quickfit (BS. 2461) ^ 
with a 24/2 9 ground-glass joint. 

Mixing Coil; as supplied for Technicon Auto-analyser, 

(13 am long) . 

Tungsten element bulb; (10 watt) , and a retort 
stand for support; used to heat optical cell. 

Flow meter; Gilmont (size §3). 

Glass dispersion tube; with fritted glass cylinder, 
250 mm length, stem diameter 8 mm. 

Teflon stopcock; three way, Quickfit 24/29, Us^ed 
for directing flow of air (1) bypassing sample and 
(2) through sample, thus aerating it. 

Gas bubble counter; (Canlah EC7?78~C) used as 
water droplet trap. 

Funnels; Fluted, accurate 60°, 65 mm J.D. , 160 mm 
long stem, strong beaded edge. 

Beakers, Phillips; Conical, Pyrex with spout, 125 ml 
volume (Corning 1080). 

Filter paper; S & S Black ribbon No. 589 (12.5 cm). 

Hot plate; capable of supplying even heat to 200° 
(Lindberg Hevi-duty) . 



ALL GLASSWARE AND APPARATUS MUST BE THOROUGHLY 
CLEANED PRIOR TO USE. 
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ALL POLYETHYLENE AND GLASS TUBING SHOULD EITHER BE 
REPLACED OR RINSED WITH WATER, FOLLOWED BY METHANOL 
AND BLOWN DRY WITH A STREAM OF AIR. 



Cleaning of Apparatus 

a) The optical cell should be cleaned once a week and/or 
following contamination with excessively high level 
mercury samples. Rinse cell with (1) water, (2) nitric 
acid, (3) methanol. 



THE CELL SHOULD THEN BE BLOWN D^Y WITH AIR. 



b) The drying tube should be refilled with fresh calcium 
sulfate daily and the tube purged with air to remove 
dust particles before attaching to the system. 

c) The teflon stopcock should be cleaned at least once 
a week with chromic acid, then water followed by 
methanol and then air-dried. 

d) The dreschel bottle should be cleaned thoroughly 
every day or after an extremely high sample, with a 
cleaning solution containing 1% E.D.T.A. in 2 0% NaOH. 
Bottles are usually soaked in this solution for 

twelve hours. 



ONLY ONE BOTTLE IS USED FOR STANDARDS AND SAMPLES 
DURING A RUN BECAUSE THERE IS A "BOTTLE EFFECT" 
WHICH CAUSES SLIGHT BUT SIGNIFICANT DIFFERENCES IN 
READINGS FROM BOTTLE TO BOTTLE. 



e) Funnels and Phillips beakers are cleaned immediately 
after use with (1) soap and water, (2) chromic acid, 
(3) distilled water. 



GLASSWARE MUST BE DRY BEFORE RE -USE. 
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4 . Reagents 



ALL REAGENTS SHOULD BE ANALYSED IN THE LABOEATOBY 
AND ONLY THOSE WITH SUFFICIENTLY LOW MERCURY 
CONTENT SHOULD BE USED. 



a) Nitric acid; Reagent grade, concentrated. Of several 
brands investigated, "Baker Analyzed" reagent has 
been found satisfactory. Reagents other than those 
mentioned in this section may possess the required 
degree of purity. 

b) Hydrochloric acid,* Reagent grade, concentrated. 
Mallinckrodt reagent has been found satisfactory, 

c) Potassium Permanganate; Analytical reagent; BDH 
Analar crystals are suitable. 

d) Hydroxylamine Sulfate; Laboratory reagent. BDH 
reagent is acceptable. 

e) Stannous Chloride; Analytical reagent. BDH Analar 
reagent is satisfactory, 

f) Sodium Hydroxide Certified A.C.S., Electrolytic 
pellets. 

g) Ethylenediaminetetra- Acetic acid; Laboratory reagent, 
BDH disodium salt is satisfactory. 

h) Mercuric chloride; Regent grade. As supplied by 
Mallinckrodt Chemicals. 

i) Methyl mercuric chloride; Reagent grade. Alfa 
Organics is a satisfactory supplier. 

j) Aqua regia digestion acid 

The mixture contains a volumetric ratio of four parts 
distilled water, three volumes of concentrated hydro- 
chloric acid and one volume of concentrated nitric acid 



CAUTION: EXOTHERMIC REACTION UPON MIXING, 



k) Potassium permanganate solution 

This solution should be saturated (60 g/l) at room 
temperature. The solution should be allowed to stand 
for at least 4 6 hours in sunlight before use, to 
form small amounts of Mn02 which slowly settles out. 
This step greatly reduces the risk of mercury contami- 
nation from the KMnOi^. 
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4 , Reagents 



ALL REAGENTS SHOULD BE ANALYSED IN THE LABORATORY 
AND ONLY THOSE WITH SUFFICIENTLY LOW MERCURY 
CONTENT SHOULD BE USED, 



a) Nitric acid; Reagent grade, concentrated. Of several 
brands investigated, "Baker Analyzed" reagent has 
been found satisfactory. Reagents other than those 
mentioned in this section may possess the required 
degree of purity. 

b) Hydrochloric acid; Reagent grade, concentrated. 
Mallinckrodt reagent has been found satisfactory. 

c) Potassium Permanganate; Analytical reagent; BDH 
Analar crystals are suitable. 

d) Hydroxylamine Sulfate; Laboratory reagent. BDH 
reagent is acceptable. 

e) Stannous Chloride; Analytical reagent. BDH Analar 
reagent is satisfactory, 

f) Sodiiam Hydroxide Certified A.C.S., Electrolytic 
pellets. 

g) Ethylenediaminetetra-Acetic acid; Laboratory reagent, 
BDH disodium salt is satisfactory. 

h) Mercuric chloride; Regent grade. As supplied by 
Mallinckrodt Chemicals. 

i) Methyl mercuric chloride; Reagent grade. Alfa 
Organics is a satisfactory supplier, 

j) Aqua regia digestion acid 

The mixture contains a volumetric ratio of four parts 
distilled water, three volumes of concentrated hydro- 
chloric acid and one volume of concentrated nitric acid 



CAUTION: EXOTHERMIC REACTION UPON MIXING, 



k) Potassium permanganate solution 

This solution should be saturated (60 g/l) at room 
temperature. The solution should be allowed to stand 
for at least 48 hours in sunlight before use, to 
form small amounts of Mn02 which slowly settles out. 
This step greatly reduces the risk of mercury contami- 
nation from the KMn04. 



Determination of Total Meraury Ministry of the Environment 

in Sediment January 26^ 1973 



1) Hydroxylamirie sulfate solution 

The solution {20% w/v) is prepared by dissolving 
200 grams of reagent grade (B.D.H.) hydroxylamine 
sulfate in one litre of distilled water. This 
solution is used to reduce excess permanganate 
after digestion. 

CAUTION: THIS SUBSTANCE IS CARCIMOGENIQ AVOID 

CONTACT WITH THE SKIN. 

m) Stannous Chloride solution 

The solution (20% w/v) is prepared by dissolving 
400 grams of reagent grade stannous chloride (B.D.H,) 
in two litres of concentrated hydrochloric acid. 
This solution is used to reduce the mercury to its 

atomic form (Hg^) . 

n) Mercuric chloride stock solution 

Prepared by dissolving 1, S68 grams in one litre 

of distilled water containing 10 mis of concentrated 

nitric acid. Concentration: 1000 ug/ml. 

o) Methyl mercuric chloride stock solution 

Prepared by dissolving 0, 6258 grams of methyl 
mercuric chloride in 1000 mis of methanol (reagent 
grade). Concentration: 600 ug/ml. 

p) Mercury standards 

Working solutions containing J ug mercury per ml 
should be made up by making successive dilutions 
from the stock solution in distilled water. New 
working solutions should be made up weekly and the 
concentration of mercury in these should be within 1% 
of the old ones. 

5. Procedure 

a) Decant excess liquid from the sample bottle and 
homogenize the sample with a glass rod. Manually 
remove portions of the homogenate with a scoopula, 
taking care to exclude sticks, large stones (exceeding 

2 mm in diameter) , leaves and other extraneous material. 

b) Weigh duplicate portions of 2 to 4 grams of the selec- 
ted homogenate into tared 125 ml Phillips beakers using 
a single pan analytical balance, to four significant 
figures. Record the weight of the sample. 

c) At the same time a portion of homogenate, approximately 
ten grams, is weighed into a tared evaporating dish. 
The weight of sample and dish are recorded and the 
sample dried at 110°C for a minimum of three hours. 
After drying to constant weight, the sample and dish 
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are re-weighed and a factor is derived that indicates 
the relationship of dried sample compared to wet 
sample. This factor is eventually applied to the 
weight of the sample taken for analysis to obtain the 
mercury concentration on a dry weight basis, 

d) The samples are prepared as a series of blanks, 
standards and controls called a "run". 

A "run" of samples consists of (1) two reagent blanks, 
(2) two 1 \xg inorganic standards, (3) two 1 \ig organic 
standards, (4) two control sediments, (5) one inorga- 
nic mercury spike*, (6) one organic mercury spike*. 
The control sediment is a homogenous sample that has 
been previously analyzed at least twenty times, 

*Spike samples are arbitrarily selected sediments 
within the run that are spiked with known amounts 
of inorganic or organic mercury standards (0,5 \ig Eg 
usuallyj to determine the percent recovery of these 
mercury compounds. 

e) To the sample add a few anti-bumping granules (B.D.H.) 
and 10 ml of the aqua regia digestion acid. 

f) Place the digestate on a hot plate at medium heat, 
swirl the samples to prevent bumping and foaming, and 
heat for two minutes, 

DO NOT ALLOW SAMPLES TO BOIL, REMOVE SAMPLES FROM 
HOT PLATE AND ALLOW TO COOL, 

g) Add SO ml of distilled water, washing down the beaker 
sides. Add 15 ml of saturated KMnOtt solution, reheat 
the samples to incipient boiling and allow to digest 
for thirty minutes* Care should be taken that 
bumping of the samples does not occur. Remove samples 
from hotplate and allow to cool, 

h) Add 3 ml of (20% w/v) hydroxylamine sulfate to reduce 
the excess permanganate and manganese dioxide. 



THIS STEP SHOULD NOT BE COMPLETED UNTIL IT HAS BEEN 
ASCERTAINED THAT THE SAMPLES CAN BE ANALYZED WITHIN 
THE NEXT HOUR, ONCE THE STEP IS PERFORMED j SAMPLES 
MUST BE ANALYZED WITHIN THE NEXT HOUR. 



i] Filter the sample through S & S Black Ribbon No. 589 
(12,5 cm) filter paper, into 100 ml tubes and make 
up to volume with distilled water. 
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Instrument Operation 

See "The Determination of Total Mercury in Biological 
Material", under "Procedure". 

a) Decant the sample into a dreschel bottle and add 
3,0 ml of (20% w/v) stannous chloride solution to 
reduce the mercury. 

2 2 •♦ 

(Hg'^ -h Sn'^ -^ Hg° + Sn^ ) 

b) Immediately attach the dreschel bottle to the appara- 
tus and aerate the sample. 

c) After maximum absorbance has been attained, flush 
the system by aerating a bottle containing distilled 
water only, until the original baseline is reached 
on the recorder. 

Special Precautions 

1. Periodically the instrument should be checked for 
drift from zero position. 

2. If any changes to the system are made during the run, 
new standards should be analyzed to determine 
variations in sensitivity. 

3. Moisture content in the water trap should be periodi- 
cally checked. Empty as needed to prevent bubbling. 



6. Calculation and Reporting 

Formula: \ig/g mercury as Hg = x ~ b 

(a - h) n K d 

X - peak height of sample 

a = average height of digested standard 

h = blank peak height 

n - weight in gram 

d - drying factor = weight of dried sample 

weight of wet sample 

Reporting 

Range in vg/g Reported in vg/g 

<0,02 <0.02 

0.02 to 0.09 1 significant figure 

0,10 to 0.99 2 significant figures 

1.0 to 99 2 significant figures 
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THE DETERMINATION OF TOTAL MERCURY 

IN AQUEOUS SOLUTIONS 

METHOD A 



SUMMARY 



Substance 
determined. 

Application of 
method. 



Principle 
of method. 



Time required 
for analysis. 



Total mercury at concentrations less than 
10 T]g/ml in aqueous samples. 

Experience of analyst will determine type of 
sample to be analyzed using this procedure. 
Results indicate the level of total mercury 
in the sample . 

Mercury in the sample is converted to the 
inorganic form by digestion procedure. 
The inorganic mercury is reduced in aqueous 
solution with stannous sulfate, A stream of 
air is bubbled through the vessel containing 
the reduced mercury. The air stream carries 
the mercury vapor into a flow-through absorp- 
tion cell positioned between a 253.7 r\m wave- 
length light source and a detector. The 
amount of absorption is proportional to the 
concentration of mercury in the sample. 

A single analysis takes about four hours. 
However, twenty analyses per day can be 
completed when the samples are tested in 
batches . 



Range of 
application. 

Precision. 



Accuracy . 

Limit of 

detection. 



0,05 T\g/ml to 10 r\g/ml. 



±0,03 T\g/ml on a sample containing 0.2 ng/ml , 
±0,14 T\g/ml on a sample containing 8,8 T\g/ml , 
(Part of an E.P.A. method evaluation). 

Within the boundaries set by the precision. 

, 05 r\g/ml . 

The detection limit is based on the blank 
value for the particular series of samples 
being analyzed. In this test, twice the value 
of the blank is considered the detection limit 



Interferences 
and short- 
comings . 



Water vapor can condense on the windows of 
the absorption cell, causing absorption of 
radiation at the 253,7 r\m resonance line of 
mercury. However, two systems can be used to 
remove the water vapour interference. a) A 
bubbler immersed in an ice bath will condense 



SUMMARY 



moisture passing through the system, result- 
ing in a low constant water vapor level, 
b) a moisture trap containing magnesium 
perchlorate will remove moisture from the 
system. Hydrogen sulfide can interfere, but 
is eliminated by potassium permanganate. 
Elevated chloride concentrations are removed 
by the sulfuric, nitric acid and permanganate 
oxidation step. 

Aromatic hydrocarbons, EC I gas, CO 2 and other 
gases that are capable of absorbing light at 
2BS, 7 r\m will interfere, but these are 
generally removed by adequate sample prepara- 
tion. 



Minimum volume 
of sample , 



At least 250 mis are required if duplicate 
analyses are to be performed. 



Preservation and 
sample container 



For total mercury, Pyrex glass bottles should 
be used and the bottle caps should be lined 
with Teflon. The samples must be preserved 
with enough concentrated nitric acid (Baker 
Analyzed only) to bring the "pH below I , and 
enough saturated potassium permanganate 
solution to maintain a purple colour. 



Safety 
considerations . 



Samples suspected to be high in halides should 
be acidified and digested in a fume hood for 
the protection of the analyst. 
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THE DETERMINATION OF TOTAL MERCURY 



IN AQUEOUS SOLUTIONS 
METHOD A 

1. Introduction 

A mixture of sulfuric and nitric acids is added in 
order to break down organics in the sample; potassium per- 
manganate and potassium par sulfate are added to further 
oxidize the sample. A solution containing stannous sulfate, 
hydroxylamine sulfate and sodium chloride is used to reduce 
the mercury present to its atomic form. (22) . 

After reduction of mercury, a stream of air is bubbled 
through the solution by means of a vacuum system. The 
mercury vapor is carried into a flow- through absorption cell 
positioned between a source of 2SS,7 r\m wavelength light and 
a detector, which measures the degree of attenuation of the 
source light. This absorption is displayed on a recorder 
and the tracings are compared with those of known standards. 
The method described has application in the analysis of 
potable and surface waters, and industrial and sewage treat- 
ment plant effluents which contain extremely low levels of 
mercury . 

2 . Interferences and Shortcomings 

Water vapor at a sufficiently high concentration in the 
system can condense on the windows of the absorption cell, 
causing absorption of the radiation at the 253.7 T]m resonance 
line of mercury. This problem can be overcome by removing a 
sufficient amount of the water vapor so that condensation 
cannot occur. The insertion of a bubbler submerged in an 
ice bath reduces the vapour level. 

Other interfering substances are hydrogen sulfide, 
aromatic hydrocarbons, carbon dioxide and other gases capable 
of absorbing light at 25 3.7 T\m , but these are generally removed 
by an adequate sample preparation. 

Samples suspected of containing high levels of chloride 
should be handled with extreme care, since toxic chlorine 
gas can evolve upon addition of sulfuric, nitric acid and 
potassium permanganate during the determination. The suspect 
sample should be placed in a fume hood and a portion of the 
sample should be neutralized to pH P. This aliquot is then 
tested with starch and iodide test paper, which will turn 
blue if chlorine is being evolved. Samples which test 
positively should be analyzed by Method B. 
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3. Apparatus 



PLEASE REFER TO DIAGRAM 6' AISD PLATE 5 FOR A 
VISUAL DISPLAY, 



a) Water bath; capable of maintaining a temperature 

of 85=90^0, 

b) LD€ Mercury Monitor i model 1265, supplied by 
Pharmacia Ltd. 

c) Air-Vacuum, pump? Mlllipore (Cat. iXieOOO ^000^ 000 } ^ 

capable of delivering air flow O'f S litre/min. 

d ) Re CO r der ; S a r gen. t-We 1 ch , model S ,R.G , 

e) Flowmeter I Gilmo'n,t (sise §3), 

f) Glass dispereion tubei with fritted glass cylinder, 

25 mm lengthy stem diameter 8 mm, 

g) Bottlee; Special Bacteriological, 16 os. equare 
with Bakelite cap and teflon liners. Bottles should 
be cleaned in. chromic acid, 2 .• 2 HEO% and rinsed in 
tap water, then in distilled water, 

h) Drying tube; containing magnesium perchlorate, 

should be changed after every twenty samples. 
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4. Reagents 

ALL REAGENTS SHOULD BE ANALISED IN THE LABORATORY 
AND ONLY THOSE WITH A SUFFICIENTLY LOW MERCURY 
CONTENT SHOULD BE USED. 

a) Sulfuric acidi concen,trated, reage:nt grade. Mu,st 
contain no measurable mercury co^ntent (Aristar 
recommended) . Reagents other than those recommended 

in thie section may possess the required degree 
of purity. 

b) Nitric acid; concentrated reagent grade. Must 
contain no measurable raercury content (Baker 
Analyzed recommended) , 

c) Potassium Permanganate i Analytical reagent, Analar (BDH) 

d) Potassiuro Pereulfate: Analytical reagent, Analar (BDH) . 

e) Sodium Chloride f Analytical reagent, Analar (BDH) . 

f) Stannous Sulfate i Analytical reagent, Analar (BDH) , 

g) Hydroxylamine Sulfate i Laboratory reagent (BDH) . 

h) Magnesium Perchloratei Laboratory reagent (BDH) . 

i) Mercuric Chloride; Reagent grade, Mallinckrodt 
Chemicals . 

j) Methyl Mercuric Chloxidei Reagent Grade, Alfa Organics. 

k) Sodium chloride-hydroxylamine sulfate solution 

Twelve grams of NaCl and twelve grams of hydroxylamine 

sulfate made up to 100 mts. with distilled water, 

1) Stannous sulfate solution? (10% w/v) 

Twenty five grams of stannous sulfate dissolved in 
0,5N sulfuric acid to a final volume o^f 250 mis* 

m) Potass ium pe:rma,ngan.ate solution; (saturated) 

Dissolve 60 grams of Potassium Permanganate in 1 

litre of distilled water. Allow solutio^n to^ stand 
in sunlight for at least 48 hours before use, to 
form small amounts of MnOti which slowly settles 
out. This step greatly reduces the risk of mercury 
contaminatio'n from the KMnO^, 

n) Potassiim pereulfate solution (6% w/v) 

Dissolve 5 grams of potassium persulfate in 100 mis 
of distilled water. 
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o) Mercuric chloride stock solution 

Prepared by dissolving 1,358 grams HgCl2 in 1 
litre of distilled water containing 10 mis of 
concentrated nitric acid. Concentration: 1000 ug/ml. 

p) Methyl mercuric chloride stock solution 

Prepared by dissolving 0. 6268 grams of methyl 
mercuric chloride in 1000 mis of methanol. (Reagent 
grade). Concentration: 5 00 ug/ml. 

q) Mercury standards 

Prepared by making successive dilutions of the 
stock mercury solutions to obtain working standard 
solutions containing 10 ng/ml of mercury in the 
inorganic and organic forms. 

5. Procedure 

a) Transfer 1.0, 2.0, 4.0 ml aliquots of the 10 ng/ml 
mercury working solutions (both inorganic and 
organic) to the bacti bottles. Make up to 100 mis 
with distilled water and mix thoroughly. For samples 
100 ml aliquots are taken in duplicate. If smaller 
aliquots are used, they are made up to a final 
volume of 100 mis with distilled water. 

b) Add 5. mis of concentrated sulfuric acid and 2. 5 mis 
of concentrated nitric acid to each bottle. The 
addition of sulfuric acid to the sample generates 
heat, but with the stated amount of acid and 100 ml 
of aliquot the temperature rise is only about 13°C 
and no loss of mercury should occur, 

c) Add i ml of the saturated potassium permanganate 
solution to each bottle and allow to stand at least 
15 minutes. Add 2 mis of the potassium persulfate 
solution to each bottle and mix well. 

d) Heat samples (with caps loosened) for 2 houm at 
85°C to OO^'C in the water bath, 

e) Remove samples from water bath and cool to room 
temperature . 

f) Add 2 mis of sodiiam chloride-hydroxylamine sulfate 
solution to reduce the excess permanganate present 
in the samples. 
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g) Treating each bottle individually, transfer the 
sample to a dreschel bottle, add 5 mis of stannous 
sulfate solution and aerate the sample immediately 
by connecting to the vacuum FAAS system. 

h) The atomic mercury (Eg°) absorbs some of the light 
emitted by the UV lamp, and this absorption is 
displayed as a peak on a recorder. After the 
absorbance reaches a maximum and the recorder pen 
returns close to the original base line {zero 
absorbance) , the dreschel bottle is removed and the 
system is allowed to come to equilibrium. 

i) A standard curve is plotted from the absorption 
measurements of the standards that are run in 
parallel with the samples. The curve obeys Beer's 
Law up to 100 T\g and the majority of water samples 
are either in this range or can be diluted so as 
to fall within the workable portion of the curve. 



6 . Calculation and reporting 

Formula: 

\ig/ml of mercury in sample = (a- a) x d 

(b~o) X e 

a - peak height of sample 

h - peak height of standard 

o - peak height of blank 

d = standard in \ig 

e - volume of sample taken (ml). 



Reporting: 



Range in p^/mZ Reported in \xg/ml 

<0,05 <0.,05 

0.05 to 0.09 1 significant figure 

0,10 to 9 . 9 2 significant figures 

10 to 100 2 significant figures 



7. Precision and Accuracy 

A series of eight samples received from E.P.A. 
ranging from 0.2 to 10 \xg/ml were analyzed by this method 
and the average accuracy was found to be 99, Z%. At the 
0.4 \ig/ml level the precision was Z.6%. 
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THE DETERMINATION OF TOTAL MERCURY 
IN AQUEOUS SOLUTIONS 



METHOD B 



SUMMARY 



Substance 
determined. 

Application 
of method. 



Principle 
of method. 



Time required 
for analysis 1. 



Range of 
application. 

Precision 



Accuracy 

Limit of 
detection. 

In t er f e r e nc e s 
and short- 
comings . 



Total mercury in aqueous samples. 



As in Method A the experience of the analyst 
and sampler will determine the method to be 
applied. 

Mercury in the sample is converted to the 
inorganic form by the digestion procedure. 
The inorganic mercury (Hg+^) is reduced in 
aqueous solution, by hydroxy lamine sulfate 
and stannous chloride solutions, to its 
atomic form. An air stream carries the 
mercury vapor into an optical cell, where the 
absorption is determined by the monochromator 
and measuring circuits of an A.A.S. and dis- 
played on a recorder. The peak traced by 
the recorder is compared to standards pre- 
viously run and the concentration of mercury 
is calculated based on peak heights and 
aliquot factors . 

A single analysis takes about four hour a. 
However, twenty analyses per day can be 
completed when the samples are tested in 
batches. 

0,2 to 1000 r]g/ml. 



±0,04 T\g/ml on a sample containing 0.2? T\g/ml 
±0,08 ng/rnl on a sample containing 9,6 T\g/ml, 
(part of an E.P.A, method evaluation) . 

Within limits defined by precision data. 

0,2 ng/ml. 



Water vapor will absorb radiation from the 
hollow cathode lamp at 253,7 nm. A constant 
water vapor trap and a chemical water trap, 
combined with heating the optical cell above 
ambient temperature, will alleviate the 
problem. Most of the common interferences 
(CO 2 and aromatic hydrocarbons^ are removed 
by the oxidizing acid digestion. The 



SUMMARY 



Minimiun volume 
of sample. 

Preservation 
and sample 
container . 



Safety 

coneideratio'ns 



method is limited by the high blank values, 
which are unavoidable because of the large 
volumes of reagents required. 

At least 260 mis of sample if duplicate 
analysis is to be performed. 

For total mercury, Pyrex glass bottles 
should be used, with Teflon caps. 

At present, samples are preserved with 1 ml 
of concentrated nitric acid (Baker Analyzed 
only) per litre of sample and enough KMnOi, 
solution to maintain a purple colour. 

Samples high in halides (chlorides) should 
be acidified and digested in a fume hood 
for the protection of the analyst. 
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THE DETE,RMINATIOiN OF TOTAL MERCURY 



IN AQUEOUS SOLUTIONS 



JffiTHOD B 



1. Introduction 

The sample is digested on a hot plate with a mixtiire 
of sulfuric acid (1:1) and potassium permanganate (saturated) 
to convert the mercury present to the inorganic form. The 
digestate is then treated with hydroxylamine sulfate solu- 
tion (20% w/v) to reduce the excess potassium permanganate. 
After reduction with stannous chloride (20% w/v) the mercury 
is brought to its atomic form and the sample is aerated 
immediately. The mercury vapor is purged through the F.A.A.S 
system and an absorption peak is measured by a recorder 
connected to the A.A.S, readout. The sample absorption 
tracings are then compared to the standard peaks and the 
sample's mercury concentration is calculated. (16, 17, 18). 

2. Interferences and shortcomings 

Water vapor can absorb radiation at the 26 3.7 r]m 
resonance line of mercury. The insertion of a constant 
water vapor system and chemical water trap, combined with 
heating the optical cell, eliminates this problem. 

Other interfering substances are hydrogen sulfide, 
aromatic hydrocarbons, carbon dioxide, chlorine and other 
gases capable of absorbing light at 2 5 2.7 T]m, These can 
be removed by digestion with oxidizing acids. 

3. Apparatus 

PLEASE REFER TO DIAGRAM 1 AND PLATE 1 FOR A 
VISUAL DISPLAY OF THE APPARATUS, 

a) Hilger-Watts Atomspek Atomic Absorption Spectro- 
photometer, or equivalent, (plate 2). 

b) Recorder," Sargent-Welch, model S.R,G, 

c) Hollow Cathode Lamp; Mercury A.S.L. 

d) Optical cell; 18 cm long with a 1,5 cm diameter and 
quartz windows . 

e) Drying tube; plastic 21.5 cm x 2,0 am diameter 
filled with calcium sulfate. Replace daily* 

f) Dreschel bottle; 250 ml volume; Quickfit (BS2461) 
with a 24/29 ground joint. 
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Beaker, Griffin; low form, with spout, 260 ml ^ 
graduated. 

Cover, Beaker; speedivap for 2S0 ml beakers. 

(Z,l/2 inch diameter) . 

Mixing coil; as supplied for Technicon Auto 
Analyzer (IZ am long). 

Tungsten element bulb; (100 watt) , and a retort 
stand for support; used to heat optical cell. 

Flow meter; Gilmont (size if 3). 

Gas dispersion tube; with fritted glass cylinder, 
250 mm length, stem diameter 8 mm. 

Teflon stopcock; three way, Quickfit 24/29, Used 
for directing flow of air (1) bypassing sample 
and (2) through sample. 

Gas bubble counter; (Canlah §C7778-C) used as a 
water droplet trap. 



ALL GLASSWAEE AND APPARATUS MUST BE THOEOUGHLI 
CLEANED PRIOR TO USE, 



Cleaning of Apparatus 

See "The Determination of Total Mercury in 
Biological Material". 
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4. Reagents 



ALL REAGENTS SHOULD BE ANALYZED IN THE LABORATORY 
AND ONLY THOSE WITH A SUFFICIENTLY LOW MERCURY 
CONTENT SHOULD BE USED. 

a) Sulfuric acid; Reagent grade, containing less 
than 1 ppb mercury (Baker or MacArthur reagent 
recommended) , concentrated. Reagents other than 
those recommended in this section may possess the 
required degree of purity. 

b) Potassiiam Permanganate; Analytical reagent, Analar 
(BDH) crystals have been found satisfactory. 

c) Hydroxylamine sulfate; Laboratory reagent (BDH) . 

d) Stannous Chloride; Laboratory reagent, Analar (BDH) . 

e) Hydroxylamine sulfate solution 

The solution {20% w/v) is prepared by dissolving 
200 grams of reagent grade (BDH) hydroxylamine 
sulfate in one litre of distilled water. This 
solution is used to reduce the excess permanganate 
after digestion. 

f ) Stannous Chloride solution 

The solution {207o w/v) is prepared by dissolving 
400 grams of reagent grade stannous chloride (BDH) 
in two litres of concentrated hydrochloric acid. 
This solution is used to reduce the mercury to its 
atomic form {Hg°) , 

g) Digestion Acid 

The mixture contains a volumetric ratio of one part 
sulfuric (concentrated) acid to one part distilled 
water. 

h) Mercury stock solution 

Prepared by dissolving 1. 3 54 grams of mercuric chloride 
in approximately 750 mis of distilled water, then 
adding 10 mis of concentrated nitric acid and adjust- 
ing the volume to 1 litre with distilled water. Final 
concentration is 1000 ug/ml, 

i) Methyl mercury stock solution 

Prepared by dissolving 0, 6 2 58 grams of methyl mer- 
curic chloride in 1000 mis of methanol (reagent grade). 
Concentration is 500 ug/ml. 
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j) Mercury standards 

Prepared by making successive dilutions of the stock 
mercury solution to obtain a working standard con- 
taining 100 ng/ml. This solution should be made 
up daily. 

k ) Potassium Permanganate solution 

The solution should be saturated (60 g/l) at room 
temperature. The solution should be allowed to 
stand for at least 4 8 hours in sunlight before 
use, to form small amounts of Mn0 2 which slowly 
settles out. This step greatly reduces the risk 
of mercury contamination from KMnOti, 

5. Procedure 

a) Sample bottle should first be well shaken and all 
subsequent operations performed in a fumehood. 

b) Transfer 100 ml of sample to acid washed 260 ml 
Pyrex beakers. The pE of the sample should be 
checked? if the sample is highly caustic it should 
be neutralized with diluted sulfuric acid, 

c) Add 15 mis of saturated potassium permanganate solu- 
tion. If purple colour fades, add more potassium 
permanganate to maintain colour, 

d) Add 10 ml of 1:1 (v/v) sulfuric acid, 

d) Transfer beakers with speedivap covers to a hot 
plate at medium heat and bring sample to an inci- 
pient boil. Maintain this temperature and reduce 
sample volume to 60 mle, 

f) Allow samples to cool to room temperature. 

g) Reduce the manganese oxide and excess potassium 
permanganate with 1 ml of 20% hydroxy lamine sulfate 
solution. 

AFTER THIS REDUCTION STEP THE ANALYSIS SHOULD TAKE 
PLACE WITHIN THE NEXT HOUR. 

h) The sample is then transferred to volumetric glass- 
ware and made up to 100 mis with distilled water. 

i) The sample is then transferred to a Dreschel bottle 
and SO ml of 20% (w/v) stannous chloride solution 
is added to reduce the mercury. 

(Hg + ^ + Sni-^-^Hg" -t Sn + '* ) 

j) Innnediately attach the Dreschel bottle to the 
apparatus and aerate the sample. 
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k) Operation of the A.A.S. equipment and daily warm-up 
procedure are provided in The Determination of Total 
Mercury in Biological Material, under "Procedure". 

1) After maximum absorbance has been attained, flush 
the system by aerating a bottle containing distilled 
water only, until the original baseline is reached 
on the recorder. 

Special Precautions 

1) Periodically the instrument should be checked for 
drift from zero position. 

2) If any changes to the system are made during the 
run, new standards should be analyzed to determine 

* variations in sensitivity. 

3) Moisture content in the water trap should be 
periodically checked, and the trap should be emptied 
as needed to prevent bubbling. 

6, Calculation and Reporting 

Several standards and blanks are carried 
through the procedure and are used to prepare a calibration 
curve. This standard curve can be used to calculate mercury 
concentrations in samples, or the following formula may 
be used. 

Formula : 

r\g/ml of mercury in sample - (a-c) ^cd 

(b'o) xe 

a - peak height of sample, 
b = peak height of standard, 
o = peak height of blank, 
d = standard in WQs 
e = volume of sample taken (ml) . 
Reporting : 

Range in T\g/ml Reported in T\g/mi 

<0.2 <0.2 

0,20 to 9 . 9 2 significant figures 

10,0 to 99.9 3 significant figures 
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THE DETERMINATION O'F .ME/THYL MERCURY 
IN FISH MOBCLE BY GAS CHR0MAT0G:RAPHY 



SUMMARY 



Substance 
determined . 

Interpretation 
of Results 



Principle of 
Method. 



Time required 
for analysis. 



Range of 
application. 



Precision. 

Accuracy . 



Limit of 
detection. 



Interferences 
and shortcomings. 



Methyl mercuric bromide, CB^HgB.r. 



Reeulte are reported as ug/g mercury as 

CHzHgBr, The methyl mercury results are 
calculated withO'Ut any correction factor. 
However, studies using spiked fish tissue 
imply that only 89±5% of the methyl mer- 
cury is recO'vered in the test used. 

The CEiEg+ is released from its muscle 
protein complex by the additioin o^f CuSO% 
and EaBr in acid, then extracted as the 

bromide into toluene. Cleanup is achieved 
by extraction of the methyl mercury as its 

thiO'Sulfate complex intO' aqueous Ea-zSzO^, 
This complex is broken by the addition 

of CuBrt I and the CE^HgBr fO'rmed is 
extracted into benzene and analyzed 

quantitatively on a gas chroma to graph. 

One and a half days are required for a 
single analysis. However, twenty to 
thirty fish are usually analyzed in a 
batch,, which requires the same length of 

time . 

0,01 ug/g O'f Hg as methyl mercuric 
bromide is detectable o^n J g of fish 
muscle . Very high concentrations may be 
analyzed by dilution techniques. 

±10% relative on concentrations over 
0,1 ug/g. 

Studies using spiked fish tissue imply 
that only 8 9% ±5% of the methyl mercury 
is recovered in the test used. 

For samples of I g of muscle, 0.01 \ig/g 
is the limit of detection, but this can 

be lowered by taking a larger sample. 

There are no known interferences to this 
method. Prolonged expoeure to light 
during sample work-up can lead to low 

and variable reeults due to the photo- 
chemical breakdown of the methyl mercury 

by light. 



SUMMARY 



Minimum volume For concentrations down to . 1 \ig/gj 1 
of sample. of muscle is required. 

Preservation and Muscle samples should be frozen and 
sample container. protected from light except during 

processing. 
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THE DETERKINATION OF METHYL MERCURY 
IN FISH MUSCLE BY GAS CHROMATOGRAPHY 



1. Introduction 

The methyl mercury is released from its protein complex 
in the muscle by the addition of cupric sulfate and an 
acidic solution of sodium bromide. The methyl mercury is 
extracted into toluene as methyl mercuric bromide. Inter- 
ferences are removed by the extraction of the methyl mercury 
as its thiosulphate complex into an aqueous sodium thio- 
sulphate solution. This complex is broken down by the 
addition of cupric bromide, and the methyl mercuric bromide 
is extracted into benzene and analyzed quantitatively by 
gas chromatography. (23, 24, 25, 26). 

2. Interferences and shortcomings 

There are no known interferences in this method. 

3. Apparatus 

a) Analytical balance; capable of weighing to 0,1 mg , 

b) Actinic 25 ml culture tubes with Teflon lined 

s c r ew cap s . { 30) , 

c) Graduated actinic 10 ml centrifuge tubes with teflon 
lined screw caps. (SO), 

d) Actinic 10 ml culture tubes with Teflon lined screw 
caps. (SO). 

e) Centrifuge capable of accepting 50 ml culture tubes 

at 2j 000 rpm. 

f) Clinical centrifuge for 10 ml centrifuge tubes. 

g) Disposable Pasteur pipettes, 
h) Polytron Homogenizer, 

i) Assorted pipettes. 

j) Recorder with 1 mv full scale deflection. 

k) Gas chroraatograph with a supply of ultra-pure 

nitrogen and a triti\im electron capture detector. 
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Gas Chromatograph Conditions : 

Column: 6^ x 1/8" i.d, Pyrex glass coliann packed 
with 5% carbowax 20M on Varaport SO 

(100^120 mesh). 

Gas Flow; Bz (ultra-pure) ; 4S mt/min. 

Injector Temp: 2 00^C, 

Oven Temp: IdO^C. 

Detector: e,c, (250 mC: ^H); 210^0, 
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4. Reagents 

a) Benzene - distilled in glass, 

b) Cupric Bromide Solution 

22,24 g of analytical reagent grade CuBrz is dis- 
solved in 100 ml distilled water and extracted with 
2 X ISO ml benzene. This solution is prepared 
daily. 

c) Cupric Sulphate Solution 

250 g of analytical reagent grade CuSO^. SHzO is 
dissolved in 1 litre of distilled water. This 
solution is prepared weekly and is stored in the 
dark . 

d) Sodium Bromide Solution 

110 ml of concentrated reagent grade EzSO^ is added 
to 110 ml of distilled water slowly. ZIO gm of 
reagent grade fJaBr is dissolved in 700 ml of dis- 
tilled water. The solutions are combined and made 
to I litre with distilled water. This solution is 
made weekly. 

e) Sodium Thiosulphate Solution 

12.4 g of reagent grade NazS^O^. 5Hz0 is dissolved 
in 1 litre of distilled water. 100 mg anhydrous 
nazCOi is added. This solution is diluted 1:10 
with distilled water as required. The stock 
solution is made bi-weekly. 

f) Toluene - Reagent Grade. 

g) Water 

All water used in the procedure is prepared by 
extracting 1 litre of distilled water with 2 x 
100 ml of benzene. 



5 . Procedure 

Physical Preparation 

See "The Determination of Total Mercury in 
Biological Material". 

a) Approximately 1 g of homogenized fish muscle is 
accurately weighed into a numbered 25 ml screw- 
capped actinic culture tube, and 5 ml ot extracted, 
distilled water is added. 
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h) The fish samples in the water are homogenized for 
1 minute on the Polytron homogenizer. The homo- 
genizer probe is washed down into the tube with 
5 ml of distilled water. The probe is cleaned 
between samples v?ith distilled water. 

c) To each tube, I ml of the cupric sulphate solution, 
and 5 ml of the sodium bromide solution are added. 
The tubes are capped and allowed to stand overnight 
in the dark. 

d) Ten ml of toluene is added to each tube, and the 
tubes are capped and agitated manually for two minutes, 

e) The tubes are balanced and centrifuged for five 
minutes at 2^000 rpm^ 

f) Five ml of the toluene layer is transferred by 
Pasteur pipette and a syringe into a 10 ml graduated 
actinic centrifuge tube. The pipette is discarded 
after each sample. 

g) To the toluene extract, two mis of the sodium 
thiosulphate solution is added and the tubes are 
capped, then shaken manually for two minutes , After 
shaking, the tubes are centrifuged. 

h) The thiosulphate layer is transferred quantitatively 
by Pasteur pipette syringe to a 10 ml actinic screw- 
cap culture tube. The pipette is discarded after 
each sample* 

i) To the thiosulphate layer, 2 ml of the cupric bromide 
solution and 1.0 ml benzene is added. The tubes are 
capped and manually agitated for one minute, 

j) The benzene layer is transferred by Pasteur pipette 
syringe to an actinic 10 ml screw-capped tube and 
stored, tightly capped, in a dark refrigerator prior 
to gas chromatographic analysis. 

Special Precautions 



ANALYSIS OF THE FINAL BENZENE EXTRACTS SHOULD BE DONE 
AS QUICKLY AS POSSIBLE. THE ANALYSIS SHOULD BE 
REPEATED IF THE EXTRACTS HAVE BEEN LEFT STANDING 
MORE THAN THREE DAYS,. 



All glassware should be cleaned in the following way: 

i) Wash glassware thoroughly with alcoholic KOH (100 g 
KQH in 1 litre 20% CzHbOH), 
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ii) Rinse well with tap water, 

iii) Rinse twice with an aqueous , IM NazSiO solution, 

iv) Rinse twice with distilled water, 

v) Rinse with acetone and dry in air. 

6. Calculation and Reporting 

\ig/g Eg as CH2HgBr - a k b k 2 

G K d K 10^ 

where 

a = the dilution factor of the benzene layer. 

b - the number of nanograms corresponding to the peak 
height on the chroma togr am. 

a = the number of microlitres of the benzene layer 
injected into the gas chromatograph. 

d = the weight of fish taken (g) . 

The factor of 2 arises since only half of the toluene 
layer is taken. The factor of 10^ in the denominator converts 
the result in r]g/g to ug/g^ 

Except for results below 0.01 mg/l , all results are 

reported to three significant figures. 

A recovery factor is not included in this equation. 
Recovery studies have shown that only 89% of the methyl 
mercury is recovered from spiked fish muscle samples or 
spiked aqueous samples. This recovery factor agrees well with 
the theoretical maximum of 90% (34, 35), and with experimental 
values found by Westoo (2 3) and Nishi (35) . Since a recovery 
factor is not used in the calculations , an explanatory note is 
included with all reported results: 

"The methyl mercury results are calculated without 
a recovery factor. However, studies using spiked 
fish tissue imply that only 89% ± 5% of the methyl 
mercury is recovered. The deviation of duplicate 
results is within ± 10%". 
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